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By HAROLD E. WESSMANTt 


Member American Concrete Institute 


SYNOPSIS 


Algebraic methods available heretofore for the analysis of the rein- 
forced concrete column subject to combined compression and bending 
have usually involved the solution of a complex cubic equation and 
have taken considerable time when applied to particular problems. A 
new method of successive approximations converging rapidly to an exact 
answer and avoiding the use of the cubic equation is presented in this 
paper. The key to the method is the reciprocal relationship existing 
between the load axis and the neutral axis of the transformed section. 
The method may be applied to any shape of cross section and any 
arrangement of reinforeing steel, providing there is one axis of sym- 
metry and the plane of bending coincides with this axis. The theory 
behind the method is presented and illustrated with three typical 
problems. 


A new algebraic solution for the stresses in reinforced concrete columns 
subject to combined compression and bending is presented in this paper. 
The method is fast and accurate, and applies to any shape of cross- 
section and any arrangement of reinforcing, provided there is one axis of 
symmetry and the plane of bending coincides with the axis of symmetry. 


Most American textbooks present an algebraic method for simple 
rectangular and circular sections which involves the solution of a cum- 
bersome cubic equation. The calculations for a particular problem take 
considerable time; consequently most designing engineers are delighted 
to use curves and charts such as those in the Reinforced Concrete Design 
Handbook of the American Concrete Institute.[ Unfortunately, these 
curves, though very convenient, apply only to rectangular sections with 
*Reoeived by the Institute January 14, 1045, 


Consulting Engineer and Chairman, Department of Civil Engineering, New York University 
PP 06-103 of Handbook, 


(1) 











2 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE September 1946 


steel in two opposite faces or to square and round sections with rein- 
forcing bars arranged in a circle. The majority of rectangular columns 
have steel in all four faces; it is then necessary to consider all of the bars 
in their exact locations in order to obtain an accurate solution. Various 
approximations have been proposed for treating this case, but the satis- 
factory solutions* which have been advanced take considerable time. 


Tee-sections and odd-shaped sections with one axis of symmetry are 
ignored completely in most American texts. In European texts, how- 
ever, such cases are often analyzed by graphical methods, based on the 
work of C. Guidif, and H. Spangenbergf. 

Guidi developed an ingenious graphical method for finding the neutral 
axis and the unit stresses in a reinforced concrete section under combined 
bending and axial force. But the method involves a “trial and error” 
procedure for locating the neutral axis. Spangenberg introduced a 
supplementary construction which eliminated the “trial and error’ 
procedure in Guidi’s method. These graphical methods, however, 
though fascinating, take considerable time when applied to an actual 
problem. 


The author’s algebraic method is similar in some respects to the 
graphical methods of Guidi and Spangenberg but its use enables one to 
obtain an accurate solution in much less time. To the best of his knowl- 
edge, it has never been published elsewhere. 

The method is best explained by first discussing the numerical solu- 
tion of the odd-shaped section in Fig. 1 and then presenting the theory. 
The load, eccentricity, dimensions and reinforcing are shown in the figure. 


The axis through the point of application of the eccentric load is 
used as the reference axis. The first moments, Q,, and the moments of 
inertia, 7,, of the n-fold steel areas, numbered | through 5, are first 
calculated. Then, beginning at the outside boundary of the effective 
concrete area, strips 2 in. wide are numbered consecutively 6, 7, 8, ete. 
The first moments and moments of inertia of three of these strips about 
the load axis are found and a trial summation is made for Q, and /,,. 
The neutral axis, the internal boundary of the effective compression 
area, is located a distance a from the load axis. a is calculated from J, + 
Q, and if the value of a so calculated agrees with the boundary dimen- 
sion for the concrete strips included in the summation, then the neutral 
axis is located exactly. 


In the first summation in Fig. 1, three concrete strips with a total 
width of 6 in. have been included in the effective area. Their internal 


*See Theory and Practice of Reinforced Concrete, C. W. Dunham, 2nd Ed., p. 195, p. 207, McGraw-Hill, 
1044 for two epgrersnete solutions. 
} Gn ealeulo delle sezione in beton armato"’ C, Guidi., Cemento, 1906, No. 1. 


“Graphische Bestimmung der ig ee orien in geracden Staben nach einem einheitlichen Verfahren 
ur homogene Querschnitte, fur Querschnitte ohne 
Spangenberg, Bauingenieur 1025, Heft 10, 8. 366. 


Lugfeatiakeit und fur Kisenbetonquerachnitte” H., 
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boundary is 8 in. from the load axis. This is the trial value for a. But 
the value calculated from J, + Q, = 12.8 in. Hence, the total effective 
area has not yet been included. Two more concrete strips, each 2 in. 
wide, are added and a second summation of Q, and J, result in a value 
for a of 12.1 in. This is so close to the boundary dimension, 12.0 in. of 
the effective concrete area now included, that a further calculation is 
unnecessary. Adding a strip of concrete 0.1 in. wide will not change the 
location of the neutral axis within the limits of accuracy required for a 
problem of this nature. Incidentally, it should be noted that with seg- 
ments 2 in. wide it is not necessary to include the moment of inertia of 
each strip about its own center of gravity in the value for J,. Also, the 
full value of n is used for the steel in compression rathern than n—1. 
It is simple enough to make the correction for n—1, but it would be an 
unwarranted refinement. 

With the neutral axis determined, the first moment of the steel areas 
plus the effective concrete areas about the neutral axis is found from the 
relation, 

Q, = Q, + (ZA) a 
The unit stress, in other words, the stress in lbs. psi at a distance of | 
RP 7 
in. from the neutral axis is —. The stressin the concrete at the extreme 
n 
2(" 
fiber 10.1 in. from the neutral axis is a or 970 psi. The stress in the 


steel on the tension side, 7.9 in. from the neutral axis, is found to be 
7580 psi. 

The fundamental theory on which the method is based is very simple. 
With the origin at the neutral axis, the two equations of statics, 2M =O 
and ZV =O, give equations (1) and (2). 


Pa = fafa Ne  OUEE oo sins B's lets diss oleeie coe i (1) 
A 


and 


P -f Inti dA =f; ), Cee wh ak gk! te oes 80's Oe a 6 0 68 ea 8 (2) 


where f; is the unit stress at a distance of 1 in. from the neutral axis. 
The integral embraces the transformed area of the steel plus the effective 
area of the concrete. 

From equations (1) and (2). 


Equation (3) gives the distance, a, from the neutral axis to the par- 
allel axis through the point of application of the load. But the important 
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fact which is the key to this method is that a also equals J, + Q, where 
I, is the moment of inertia of the effective area with respect to the load 
axis and Q, is the first moment. See Fig. 2. 


a) 
ry” 
karstorrned\ V 


Slee. area oh 
a, 











If the equation, 2M =O, is satisfied by taking moments around the 
load axis instead of the neutral axis, then, 


f t, fi, dA.x, =O 
A 


But dA.x, is the vector dQ,, 


hence 
fi ¥ hg WR eae ect a Le ee eee (4) 
A 


Equation (4) states that the center of gravity, or the resultant, of the 
vectors, dQ,, coincides with the neutral axis of the section. Obviously, 
the location of the resultant of the vectors, dQ,, may also be found by 
taking moments of these vectors about any axis parallel to the neutral 


axis and dividing by z dQ,. If the axis through P is used, the follow- 
A 


ing equation results, 


dQ, .2x 
ake : woe Se aed see ob ae ie Ae bocks Geen (5) 
iP dQ), Q» 


Since the load axis is known and the neutral axis is unknown initially, 
it is convenient to find Q, and J, instead of Q, and J,. Then, when 
the boundary of the effective concrete area has been found, in other 
words when the trial value of a agrees with the value of a from equation 
(3), the location of the neutral axis is defined. 

Q, is then readily found from the following which is simply an equation 
of moments for an axis parallel to the axis of P. 

Q, = Q, + (ZA) a 
From equation (2) /, = P 


7 Ee (7) 
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This is the fiber stress at unit distance. The stress at any other point 
is found by multiplying f; by the distance to the point from the neutral 
axis. 


The maximum concrete stress is 


P 
AE take ope. hdc g Bis Magisie's dle ssepecece's (8) 
Qn 
The maximum steel stress is 
P 
NS EE Lis SURs ss 5 5 the adc a 0s SK obey e ceo (9) 
Q, 


The application of the method to a more typical cross section* is 
now illustrated in Fig. 3. The procedure is similar to that for Fig. 1. 
Note however, that since the section is rectangular, it is convenient to 
use a large block of the concrete area for the first segment, no. 8. A 
block 16 in. wide is used. The moment of inertia J, of this block must 
consequently include the value 10250 for the moment of inertia of the 
block about its own center of gravity. Narrow strips are used, however, 
for the succeeding segments 9 and 10 as the boundary approaches closer 
to the neutral axis. 


In Fig. 4 an illustration is given for the type of cross-sectiont which 
may be readily. solved by the use of the curves in the Reinforced Concrete 
Design Handbook of the American Concrete Institute. Note how simple 
the calculations become for this case. In fact, because of interpolation, 
it takes about as much time to use the curves as it does to make the 
more accurate solution shown in Fig. 4. 


Actually, this simple case is the exception, rather than the ini in 
building construction. As noted previously, most square or rectangular 
columns have steel in all four faces, similar to the cross-section shown 
in Fig. 3, or on the other hand, the steel may be arranged in a circle 
and the column section may be round, as in the case of the usual spiral 
column. The method applies equally well to the round spiral column, 
but it is generally more convenient to use the ACI curves for this case. 

There may be a trend in building construction to the use of aia 
columns and J columns particularly in apartment-house and hotel 
construction in order to keep the faces of the column in the same planes 
as the surfaces of partition and outside walls thus providing more room 
clearance. There are no design curves available for such types, but they 
may be quickly analyzed by the algebraic method presented in this paper. 
*Another solution for this same example will be found in Theory and Practice of Reinforced Concrete, C. W. 

m, 2nd Ed., p. 196, McGraw-Hill, 1944 


{Example from Introduction to Reinforced Concrete Design by Sutherland & Reese, 2nd Ed., p. 121, John 
iley & Sons, 1943. It is solved therein by use of cubic equation. 
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Discussion of a paper by Harold E. Wessman: 


Reinforced Concrete Columns Under Combined 
Compression and Bending * 


By D. S. LAIDLAW, C. P. SIESS and N. M. NEWMARK, 
IOHN W. GRAHAM, JR., MICHEL BAKHOUM and AUTHOR 


By D. S. LAIDLAW Tt 


Mr. Wessman’s paper presents a reasonably accurate and attractively 
simple solution to a complex and difficult problem that has vexed the 
writer for many years. He expects it will stand him in as good stead 
as Prof. Hardy Cross’s celebrated paper on the distribution of fixed 
end moments in rigid frames. 

There is very little to say about the paper except to commend it to 
designers. The writer has not made a mathematical analysis to see 
what the effect of neglecting the concrete area accupied by the steel 
in the compression zone would be but, from his reading of the paper, is 
quite confident that the error involved would be far less than that 
already involved in the basic assumptions underlying all reinforced 
concrete design, Professor Wessman has earned the gratitude of the 


profession, 


By C. P. SIESSt and N. M. NEWMARK$ 


The numerical method of analysis of a reinforced conerete column 
under combined compression and flexure given by Professor Wessman 
is simple and rapid. However, attention should be called to a more 
general procedure which was first published in 1934 by the Portland 
Cement Association **, 

In the paper referred to, the distance to the axis of zero stress from 
the edge of the column nearest the load is computed by the expression 

*ACT Jounnan, Sept. 1046, Proc, v. 43, p. 1 

(Consulting Engineer, Port Arthur, Ont., Canada 

Special Research Asst, Prof, of Theoretical and Applied Mechanics, Univ. of IL, Urbana, IL 

§Kesearch Prof, of Civil Engineering, Univ. of TL, Urbana, I 


* Analysia of Rigid Frame Concrete Bridges’. Third Edition, Dee, 1034 


A similar but not identical 
procedure was given in the first edition of this pamphlet, Sept, 1933 


(8 - 1) 
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Zui t FO 

Q+ EA 

in which I and Q are computed with respect to the edge of the column, 
and the distances Z and E are as indicated on Fig. A. In the reference 


lead Axis af 


Cd 


Axis of Zero Stress 














ao | 




















Fig. A 





cited, the procedure is used of correcting an assumed value of Z by 
adding increments to the values of J, Q, and A previously determined, 
in practically the same fashion as in the author’s method. 

Eq. (10) can be generalized to apply to any axis such as z-z in Fig. A. 
The more general form is similar to eq. (10), except for a difference in 
notation, as follows: 

g a zt ¥Q 
Q, +uA 

Both eq. (10) and the author’s eq. (3) and (5) are special cases of 
eq. (11). For example, if moments are taken about the axis of zero 
stress, then s = 0 and u = a, and eq. (11) reduces to the author’s eq. 
(3) with a change in sign. Similarly, for moments about the load axis, 
s = a and u = 0, and eq. (11) reduces to eq. (5). To obtain eq. (10) 
it is only necessary to substitute Z = s in eq. (11). 

In the analysis of a reinforced concrete member subjected to com- 
bined flexure and direct stress, it is necessary first to determine that 
portion of the concrete cross-section which is in compression and is 
therefore effective. Once this is done, the desired properties of the 
section may be computed by the usual formulas of mechanics. The 
expressions in eq. (3), (5), and (10) all provide a means of determining 
the location of the axis of zero stress. The use of eq. (3), involving 
moments about this axis itself, is undesirable because of the need to 
recompute every term for each change in the trial location of the axis. 
Eq. (5), involving moments about the relatively fixed axis through the 
load is an improvement on eq. (3), since the amount of numerical cal- 
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culation is appreciably less. However, if it is necessary to consider 
more than one combination of direct stress and bending, there will be 
more than one load axis, and all terms must be recomputed for each 
combination of loads. 

Another disadvantage in the use of eq. (5) appears when the load 
axis is some distance removed from the axis of zero stress; that is, when 
the eccentricity of the load is large compared to the dimensions of the 
column. For this condition, the term Q, in eq. (6), which is the first 
moment of the area about the axis of zero stress, must be determined as 
the relatively small difference of two large quantities. For example, 
if the eccentricity with respect to the edge of the column in Fig. 1 is 
50 in. instead of 2 in. as in the author’s example, the numerical expression 
for Q, becomes 

Q, = —16288 + (287.3 X 57.3) 
— 16288 + 16462 
= +174 

Obviously, greater accuracy than that which can ordinarily be obtained 
with a slide rule is required. No such difficulties are encountered if 
eq. (10) is used, since the distance between the axis of zero stress and 
the edge of the column is usually relatively small. If, for any reason, 
this distance is too great to permit accurate calculation by means of a 
slide rule, eq. (11) should be used and the moments taken about some 
axis fairly close to either the estimated position of the axis of zero stress 
or the centroidal axis of the effective cross-section. 

For small eccentricities, as in the problems considered by the author, 
eq. (5) and (10) are probably equally satisfactory. The presence of two 
additional terms in eq. (10) is partially offset by the fact that it is not 
necessary to compute the properties of the concrete section by taking 
slices, since in many cases the properties of a rectangle with respect to 
one side may be written directly. However, in such columns it is recog- 
nized in “Building Regulations for Reinforced Concrete (ACI 318-41)” 
that the full concrete section may be considered effective without any 
serious error. 

The writers recégnize that the author has not proposed the use of 
eq. (5) for columns with large eccentricities. The limitations of this 
equation are indicated by the title of the paper... The purpose of this 
discussion has been to call attention to the more general procedure as 
expressed in eq. (10). This equation is applicable for any eccentricity 
from zero to infinity, it is easy to remember, and it is simple to apply. 

By JOHN W. GRAHAM, JR.* 

The method presented by Professor Wessman, as he states, applies 

equally well to the round spiral column. Fig. B shows a solution of a 


*Instructor in Civil Engineering, Carnegie Institute of Technology, Pittsburgh, Pa. 
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spiral column by the Wessman method, modified slightly to make use 
of the chart*, Fig. C, giving properties of segments of circular sections. 
The solution of any circular column subject to combined compression 
and bending, with any arrangement of reinforcing, provided the 


plane 
of bending coincides with an axis of symmetry, could be made 


just as 
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Fig. B 


Referring to Fig. B, the steel has been treated as a | 


~ om? 
OO¢-1N, diam 


: Ad , di 
n-fold ring, and the value for the moment of inertia about its cente: 
8 


of gravity has been included in the value I, for the steel. It would be 
perfectly satisfactory to consider narrow strips of concrete and converge 
on the neutral axis as was done in the three typical problem solutions 
of the original paper. The alternate procedure used here, however, has 


*Contributed by Prof. J, R. Shank of the Ohio State University 

















COLUMNS UNDER COMBINED COMPRESSION AND BENDING 


x|O 


F 


VALUE 


Properties OF SeGments OF A Ciecte 
































(Enter diagram 





with 4 value) 


1.0 
09 
i Arm="A'*R 
\ / is 
08 A Area="B«d* 
\“@ [ Li-Cor 
\ / 
7 | eee CREE ER Fak oF J 
NG EXAMPLE 


0.6 


For 4 = =0.75: 























JL 
f Arm<0.17*G=1,02in. 
0.5 —— a AREA=0.63 «144. 
= 9) in? 
wi ee oe oe eee T cg =0.395 41296 | 
= 512 in 
4 TIN 
03 a Ny 
LZ | 
0.2 / \ 
/ 
0.1 ) : 
 . . —1. + 4 NY < fe iD J 
O O.2 0.4 0.6 oO. 1.0 



































Vavues OF ‘A,B,C 


Fig. C 





8. 


5 








8-6 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE June 1947 


been to assume a neutral axis position, to calculate the Q, and J, values 
for the corresponding trial concrete area, to calculate a and then to 
revise the trial position of the neutral axis as is indicated for convergence. 
For trial 1, the neutral axis was assumed as 10 in. from the load, and 
the corresponding values for the effective concrete area, the position of 
its center of gravity, and the moment of inertia about its center of 
gravity were obtained from the chart, Fig. C. The calculation of the 
corresponding a value indicated 10.7 in. from the load as the correct 
position of the neutral axis. This was verified by trial 2. The fiber 
stresses were then computed as indicated. Two triais, or three at most, 
should be enough to establish satisfactorily the position of the neutral 
axis by this method. 


By MICHEL BAKHOUM* 


May I call the attention of Professor Wessman to the fact that the 
solution he has published is practically identical with one developed by 
the writer and submitted to the Faculty of Engineering, Fouad I Uni- 
versity, Giza, Egypt in 1940. Later it was published in 1944 in Bulletin 
No. 3 of the Reinforced Concrete Department of that University under 
the title ““A New Method of Checking Normal Stresses in R. C. Sections’. 
The solution does not necessitate dividing the section into small strips 
except for very complicated cases. The paper also covers the case of 
simple bending. 

The solution was further simplified by the use of curves and tables 
which facilitate checking the stresses for almost all types of reinforced 
concrete sections encountered in practice. 

Later the solution has been extended to cover the case in which 
concrete in tension may be taken into consideration at a different modulus 
of elasticity from that for concrete in compression as in the case of 
computing actual stresses and deflections or in the design of hydraulic 
structures. 

The points covered by the above investigation are of wider scope 
than can be included as a discussion of Professor Wessman’s paper. It 
will be sent to the Institute as a separate paper. 


AUTHOR'S CLOSURE 


The author greatly appreciates the comments submitted in the dis- 
cussion of his paper. He had the designer in mind when he prepared 
the paper and he presented a procedure that may be quickly learned 
and applied to typical problems of combined compression and bending. 


*Lecturer, Fouad I University, Giza, Egypt. Present address: 201 Engineering Hall, Univ. of Ill. 
Urbana, II. 
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He was very glad to have Mr. Laidiow in his gracious remarks commend 
the method to designers. 

Mr. Graham has contributed some valuable supplementary material 
for the round column. With the steel treated as an n-fold ring and with 
the curves of properties of circular segments prepared by Professor 
Shank of Ohio State University, Mr. Graham in a numerical illustration 
shows how quickly the round column is solved. 

Mr. Bakhoum of Fouad I University, Giza, Egypt states that the 
method is ‘‘practically identical’ with one which }.- developed and pub- 
lished in 1944 as Bulletin No. 3 of the Reinforced Von. » Department 
of Fouad University. Since the author has not receivec this bulletin, 
he has had no opportunity to verify this claim. 

The author is indebted to Professors Siess and Newmark for calling his 
attention to the method of solution presented in the Portlan > Cement 
Association paper, “Analysis of Rigid Frame Concrete Bridges,’ Third ° 
Edition, December 1934. He was not aware of this at the time he pre- 
pared his paper. After studying the solution presented therein, however, 
he questions whether the procedure is “‘a more general procedure.”’ 
Trial section properties are determined with respect to the external 
edge of the concrete section rather than with respect to the load axis 
and a trial location of the neutral axis determined from the equation 


z=-Lt+ 
G+ Ba 


The distances Z and E are indicated in Fig. A. Although the pre- 
ceding equation is simple, it is not quite as simple as eq.(5). The pro- 
cedure of determining Z is similar to that by which the author determines 
a. But the equation for determining the final unit stress is quite different. 
The equation requires that the location of the center of gravity of the 
transformed section be found in addition to the location of the neutral 
axis. The equation is 

f,= P(E +9) XZ (12) 

- fae oe ee 
where g is the distance from the external edge of the concrete area to the 
center of gravity of the transformed section. The other terms have 
already been defined. Compare this equation with the author’s eq.(8). 
It is hardly as simple in application. 

The P.C.A. article does not outline its procedure in terms of a general 
section of variable width such as that shown in Fig. 1 of the author’s 
paper. Strips of the concrete area would then also have to be used in- 
stead of one block of concrete in getting trial summations of section 
properties with respect to the axis along the external edge. It should be 
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clearly understood that the idea of trial summations to locate the neutral 
axis is not original. That idea is a part of the graphical methods of Guidi 
and Spangenberg, published some years prior to 1934 and referred to in 
the author’s original paper. 

The author has presented an algebraic equivalent of these g.aphical 
solutions, together with the basic theory, and has demonstrated that 
the solution of an actual problem lends i‘self to a simple and easily re- 
membered arrangement of numerical calculations when the load axis is 
used as the reference axis. 

Of course any reference axis may be used. In fact, eq.(1), (2), and (3) 
are sufficient for any trial or “‘guessed”’ position of the neuiral axis. The 
location may then be shifted by “trial and error’ until the laws of statics 
are satisfied. But it is more convenient to start operations with the 
known load axis rather than the unknown neutral axis. There is a con- 
venient reciprocal relationship existing between the two. 

Professors Siess and Newmark have very kindly pointed out, that in 
the case of large eccentricity of load, Q, in eq.(6) is the relatively small 
difference of two large quantities and cannot be determined accurately 
from slide-rule calculations for the terms in eq.(6). That is true. But 
slide-rule results are still satisfactory for obtaining the position of the 


neutral axis from eq.(5), 1. e. from ty Then, if the designer finds out from 
p 
an inspection of eq.(6) that the small difference of two large quantities 
is involved, he should calculate Q, instead from YAr,. This requires 
adding 2 columns to the table of numerical calculations. The first 
column is for x,. The values are quickly obtained by subtracting a from 
the values for x,. The second column lists the products Ax,, in other 
words, Q,. It will be found that an accurate value is quickly obtained 
for Q, and that the slide rule may still be used. The procedure suggested 
by Professors Siess and Newmark is of course an excellent alternative 
procedure. 
Actually in most building columns, the: eccentricity of load is small. 
On the other hand, cases of large eccentricity may be encountered in arch 
ribs or rigid-frame ribs. 
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Effect of Moisture on Thermal Conductivity of Limerock 
Concrete* 


By MACK TYNERt 
SYNOPSIS 


The coefficient of thermal conductivity, k, of limerock concrete is a 
function of temperature, composition and density or moisture content. 
No attempt has been made to measure the effect of temperature on k. 
Holding the temperature reasonably constant, the effect of composi- 
tion on k has been measured for two limerock concrete mixes (1:5 and 
1:7 by volume). The 1:5 mix has a k that is 10 percent larger than the k 
for the 1:7 mix. 

With the temperature and composition held constant, the effect of 
moisture on k for the 1:5 and 1:7 mixes has been measured. The mois- 
ture content has a very profound effect on k, e.g. increases of moisture 
from zero to 5 percent increases the k of 1:5 mix by 23 percent and from 
zero to 10 percent increases the k by 46 percent. Concretes should be 
kept dry if their maximum heat insulation effect is desired. 


INTRODUCTION 


There occurs in Florida a soft variety of limestone known as lime- 
rock which contains 98-99 per cent calcium carbonate. One of the uses 
to which this mineral has been put is aggregate for the manufacture of 
limerock concrete building blocks and monolithic limerock concrete 
structures.“)-®{ The object of the present work has been to determine 
the effectiveness of this limerock concrete as a heat insulator. 

In general, the thermal conductivity of homogeneous material is 
affected by: (1) moisture content of material, (2) density of material, 
and (3) mean temperature at whick k is measured. To the general 
variables might be added the following variables peculiar to concrete: 
(4) type of aggregate, (5) size distribution of aggregate, (6) voids in 
the concrete, (7) water-cement ratio, and (8) slump. 

” *Received by the Institute January 14, 1946. 
tResearch Engineer, Florida Engineering & Industrial Experiment Station, University of Florida, 


Gainesville, Florida. 
tFigures in parentheses indicate references at end of text. 


(9) 
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In the work presented here, changes in these variables were eliminated 
as completely as possible by screening and recombining the aggregate, 
control of slump and water-cement ratios, and standard tamping of the 
mix into the molds to prevent formation of large voids. 

The definition of thermal conductivity is given by the following 
equation for heat flow in the steady state: 


*. =-kA = ee aa AG ay Shek midiea Beene os 6 (1) 
dé dx 
dq 


where = the rate of heat flow in Btu per hr. between two parallel 


dé 
plates at temperatures 7; and 7, of area A separated 
by distance 2, in feet. 
k = thermal conductivity in Btu per hr., per sq. ft., per 
deg. F., per ft. 
The integrated form of equation (1), assuming k is independent of 
temperature and the surface contact resistances are negligible, is: 
I ae et Ss ary ek a dvds ete... (2) 
0 x 


APPARATUS 


The apparatus used operates as the conventional hot plate guard 
ring method.“ The plates are 8 in. x 8 in. and the inner test section 
is 4in. x 4in. In the heating element, the inner wiring is 7 in. x 7 in. 
and the guard ring wiring extends one-half inch on either side of the 
inner wiring as shown in Fig. 1. 


HEATING ELEMENT PLATE FACE 
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Fig. 1—Details of hot plate construction. 
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Since the calculations are based on the 4 in. x 4 in. inner area, equation 
(2) is modified as follows: 


(a) The rate of heat input measured as watts is converted to Btu 
per hr. by multiplying by 3.415, and 

(b) The heat input to the inner area (plate face 4 in. x 4 in. )is only 
46 of the total heat input to the inner winding (7 in. x 7 in.). Sub- 
stituting these values in equation (2) gives equation (3) which relates 
the thermal conductivity of the concrete test samples to the energy 
input to the hot plate and the temperature drop across the concrete 
samples. 


ve 3.415( 19) (wats = 1.114 (watts) Btu per hr. 


— 2 
6 1.114 (watts) x 





hence k ae a) = 7" 
ae 2(—*) AT 
144 
(watts) x a 
k = 5.02 ae Btu per hr., per sq. ft., per deg. F., per 
es on & meses, Wim eceello ws ms @ >i SRE ad © «9 5 aaa a (3) 


The electrical equipment consists of the following Weston instruments 
(Model 280) : a voltmeter for indicating the guard ring energy and a 
voltmeter and an ammeter for measuring the input energy to the inner 
winding of the hot plate. Two rheostats are used for independently 
controlling the energy input to the guard ring and inner winding from 
the variable voltage d.c. motor-generator set. A Leeds and Northrup 
student type potentiometer is used for measuring the thermocouple 
potentials. The ice point (32 F) is used as a reference temperature and 
the Leeds and Northrup calibration tables are used for conversion of 
thermocouple potentials into temperatures. Leeds and Northrup 
copper-constantan thermocouples (B & S Ga. 24 and 1938 calibration) 
are used for all temperature measurements. 


The assembly of test samples between the hot and cold plates is shown 
in an exploded view in Fig. 2. Fig. 3 shows the completely assembled 
thermal conductivity apparatus. Beginning with the bottom cold plate 
in Fig. 2, the lower half of the assembly consists of a cold plate; two 
sheets of asbestos paper; a cold side thermocouple; the test sample; 
and the copper hot plate. The upper half of the apparatus is assembled 
in the reverse of the above order ending with top cold plate. The 
hot plate is made up of the inner section and guard ring copper face 
plates with their imbedded thermocouples. The asbestos paper covered 
guard ring and heater resistance windings are inserted between the two 
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Fig. 2—Exploded view of 
hot plate—cold plate as- 
sembly. 








Fig. 3—Thermal 
conductivity appa- 
ratus. 
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copper face plates to make the assembled hot plate. The asbestos paper 
used weighs 0.10 lb. per sq. ft. When the apparatus is assembled for 
test runs, a layer of 1.5 in. to 2.0 in. of rock wool is wrapped around the 
edges of the assembly as insulation and a 78 lb. weight is placed on top to 
produce a uniform surface contact between the plates and concrete. 


The actual operation of the apparatus consists of assembling the 
samples and plates, applying and adjusting the heater currents, turning 
on water and taking periodic readings to determine when the blocks have 
reached thermal equilibrium. The input power to the inner winding is 
set and the power to the guard ring winding is varied until the temper- 
ature of the guard ring is the same as that of the inner plate. The tap 
water used for cooling is circulated through 12 ft. of ?¢in. copper tubing 
immersed in a thermostatically controlled water bath so that variations 
in tap water temperature are held to = 4 deg. F. Temperature equili- 
brium is reached in about 6 to 8 hours. 


The standardization of the apparatus has been checked in two ways: 
(1) by testing a pair of dry commercial insulating boards and using the 
accepted k for comparison and (2) by testing a pair of dry limerock con- 
crete blocks and sending them to the National Bureau of Standards for 
comparison. The apparatus gave a k of 0.029 for the insulating hoard 
sample as compared to the accepted values of 0.028 to 0.030 for “Celo- 
tex’’ and other fibre insulating board. Since these values were far re- 
moved from the range of k for concrete, arrangements were made with 
the National Bureau of Standards for comparison checking of a set of 
limerock concrete samples. The limerock concrete samples were cut 
from a commercial limerock concrete building block and the surfaces 
were ground to give flat areas for contact with the hot and cold plates of 
the apparatus. The data in Table 1 were obtained for three trial runs 
on these bone dry commercial limerock concrete samples, using the same 
set up as the National Bureau of Standards. 


TABLE 1—K FOR COMMERCIAL LIMEROCK CONCRETE 
Sample Thickness of 0.98 in. 


i 


Trial Watts T-cold | T-hot AT-deg. F. k(eq. 3) 
1 12.35 74.0 | 83.5 | 9.5 | 0.584 
2 11.25 74.3 | 83.0 8.7 0.530 
3 | 12.10 | 74.3 83.5 | 9.2 | 0.540 

| Avera ge Value | 0.53 
| _ Bureau of St jandards Comparison | 0.56 
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The apparatus gave an average k of 0.53 for the bone dry commercial 
limerock concrete and the Bureau of Standards determined a k value 
of 0.56 for the same set of test samples. Thus our apparatus gives ther- 
mal conductivity values which check the Bureau of Standard’s values 
within 6 percent. Note also that the maximum deviation in these three 
trials is only 1.3 percent. 


CONCRETE PREPARATION 


The limerock concrete specimens were cast in 2 in. x 8 in.x 8 in. molds 
according to ASTM Standard methods for rodding test samples and 
cured four months in a lime saturated water bath before testing. The 
materials used were Florida Portland Cement and Florida Limerock of 
the following screen analysis: 


Thru % in. and retained on 4 mesh 35.8 percent 
Thru 4 mesh and retained on 14 mesh 22.7 percent 
Thru 14 mesh 41.5 percent 


Two series of blocks were made on a basis of cement content: (1) the ‘‘A”’ 
series was a 1:7 mix by volume and (2) the ‘‘B”’ series was a 1:5 mix by 
volume. This is the range in which Florida limerock concrete finds its 
widest application, “) hence richer mixes were not tested. The com- 
position of the mixes is as shown in Table 2. 


TABLE 2—COMPOSITION OF LIMEROCK CONCRETE MIXES 








| 
Weights for 100 lb. batch 
Water-Cement +} 
Series Mix Ratio Slump Cement Limerock 
(gal. per sack) (in.) (Ib.) (Ib.) 
A 17 | 6.1 1 oa | was 
B 1:5 5.0 1 17.6 82.4 




















Design of the mixes shown in Table 2 was based on an absorption 
value of 14 percent for limerock aggregate. The bulk specific gravity 
(ASTM C 127) of this aggregate was 1.9 and the dry rodded volume was 
87 lb. per cu. ft. The water-cement ratio was based on free mixing water 
in the batch. The batches were mixed in the conventional manner using 
a tilting drum mixer. 


RESULTS OF TESTS 


The results of the thermal conductivity measurements on the limerock 
concrete are shown in Table 3. The moisture content of the blocks was 
determined by weighing the blocks immediately after the equilibrium 
readings were taken. The moisture content was calculated from the 
bone dry weight of blocks and is an average value for the pair. 
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TABLE 3—THERMAL - CONDUCTIVITY OF LIMEROCK CONCRETE BLOCKS 
































| 
Per Cent rb T Mean k 
Moisture Watts | Cold plate} Hot plate | A7’ deg. F Fag . |(Eq. 4 & 5) 
eg. 
Series “ane 
0 20.10 | 79.0 112.3 33.3 95.6 0.513 
1.4 19.93 76.6 106.8 30.2 91.7 0.561 
=. 19.92 82.0 111.0 29.0 96.5 0.584 
3.0 21.10 76.5 105.6 29.1 91.1 0.616 
4.2 20.83 | 76.5 102.8 26.3 89.7 0.674 
ae 26.95 | 74.3 110.8 36.5 92.6 0.628 
6.6 20.30 =| 75.2 99.3 24.1 87.3 0.716 
8.5 26.81 | 74.4 105.3 30.9 89.8 0.740 
11.3 | 20.43 75.1 95.1 20.0 85.1 0.870 
11.6 | 26.50 75.5 102.0 26.5 88.8 0.850 
Series ““B’’ t | 
0 25.87 78.6 | 117.6 39.0 98.1 0.556 
2.9 | 20.72 78.9 105.9 27.0 | 92.4 0.643 
3.7 | ao.) | 27.8 | Mes 26.6 90.3 0.655 
4.0 20.73 78.8 | 105.1 26.3 92.0 0.660 
5.4 | 20.50 77.2 102.7 25.5 90.0 0.675 
7.2 26.27 75.0 105.5 30.5 90.2 0.722 
9.0 20.14 | 77.0 98.4 | 21.4 87.7 0.788 
10.1 | 20.00 | 75.4 95.5 20.1 85.5 0.830 
11.3 | 27.35 | 76.1 | 102.6 | 26.5 89.3 0.859 
*1:7 mix by volume 2 in. (2.03) blocks. 
1:5 mix by volume 2 in. (2.00) blocks. 


CALCULATION OF THERMAL CONDUCTIVITY VALUE 


The thermal conductivity value of the limerock concrete samples 
can be calculated from equation (3) by use of the experimental data as 
follows: 





For Series “A”: gm SORBNS) (walle) Lousy SO. ww) 
“42 AT AT 

For Series ‘‘B’’: k = 5.02(2.00) (watts) = 0.837 Awatts) ...(5) 
12 AT AT 


These two equations are used to calculate the column headed “‘k (eqs. 4 
& 5)’ in Table 3. Fig. 4 is a plot of thermal conductivity values against 
moisture content of the concrete. 


RESULTS 


It is noted that the slope of the line in Fig. 4 for the 1:7 mix by volume 
is slightly greater than the slope of the line for the 1:5 mix by volume. 
The reason for this is thought to be the fact that the 1:7 mix has a higher 
water absorption capacity than the 1:5 mix. Also note that the richer 
mix has the greater k, but that the difference between the two is very 
small at high moisture contents. Straight lines were drawn through the 
points because it is known that k varies directly as the density for in- 
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Fig. 4—Thermal conductivity of limerock concrete at various moisture contents. 


sulating materials and it was assumed that moisture acted only to increase 
the concrete density. 

Moisture has a tremendous effect on the thermal conductivity of 
limerock concrete. For example, an increase of moisture from zero to 
5 percent increases the k of the 1:5 mix by 23 percent and an increase 
from zero to 10 percent increases the k by 46 percent. These large in- 
creases in k are in fair agreement with data presented by Jakob and 
Griffiths for building materials. Jakob found that an increase of 108 
percent in k may be expected for building materials if the moisture 
content is increased from zero to 10 percent and 132 percent for an in- 
crease to 15 percent. Griffiths found tiat the k for a 1:3 (cement :sand) 
mortar was increased by 27.4 percent when the moisture was increased 
from zero to 6 percent. Thus it is apparent that concrete structures 
should be kept dry whenever the maxi::um heat insulation value of the 
concrete is desired. 


A tabulation of thermal conductivity values for various concrete 
building materials is found in Table 4. 


La el . . . + 
The thermal conductivity of concrete depends largely upon the 
density and moisture content of the final concrete. Light-weight con- 
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TABLE 4—THERMAL CONDUCTIVITY OF VARIOUS CONCRETES 


we Density | Mean Moisture | k 
Description of Material | (Ib, | Te ~~ (percent) |Btu per hr. per sq. 
| cu. < (deg. F ift., sal F. per 
Clinker Concrete(*) | 105 | 88.5 3.7 | 0.28 
Pumice Concrete(*) 45 i CE oe | 0.01 
65 62.5 30.7 0.02 
Ballast Concrete(*) 
1:1:2 mix by weight | 146 93.5 6.2 0.56 
1:2:4 mix by weight | 152 90.5 [so 1 (ee 
Cement Mortar(*) 
1 cement: 3 sand 71.5 0 . Oo 
1 cement: 3 sand 71.5 6.0 | 0.65 
| 
1 cement: 4 sand | 122 71.5 0 0.53 
1 cement: 4 sand 122 waset 2.5 | 0.64 
Concrete(°) 
Sand and gravel aggregate, | 0.95 1,36 
various ages and mix. 
Concrete(°) 
Sand and gravel 1:2.0:2.75 148.2 75.0 1.01 
Sand and gravel 1:2.75;4.50 146.4 75.0 | - 1.03 
Limestone 1:2.0:2.75 136.3 75.0 | 0.88 
Limestone 1:2.75:4.50 132.6 75.0 0.84 
Concrete (*) 
Test results from 
various dams 70.0 Saturated | 0.85 — 2.1 
Limerock concrete 
(this paper) 
1:5 mix by volume 113 98.1 0 0.56 
1:5 mix by volume 113 5.0 0.69 
1:7 mix by volume 106 95.6 0 0.51 
1:7 mix by volume 106 5.0 0.66 
Commercial product 118 95.1 0 0.53 


(*) Griffiths, Ezer. Reference (6) 
(%) A.S.HLV.E. Research Laboratory. A.S.H.V.E, Guide, 22nd Edition, p. 94, A.S.H.V.E. 51 Madison 
Avenue, New York, 1944. 


) Rowley, F.B. and Algren, A.B., “Thermal (onductivity of Building Materials’, University of Minnesota 
Engineering Experiment Station, Bulletin No, 12, 1937. 
(4) “Thermal Properties of Concrete, Boulder,Canyon Project", Bureau of Reclamation, Pt. VII, Bulletin 1. 


eretes such as pumice and clinker concretes are adaptable for use as 
effective heat insulating materials, but ordinary concretes are not very 
efficient as heat insulators. Limerock concrete has a lower thermal con- 
ductivity value than the hard aggregate concretes shown in Table 4 
This is due to the fact that the density of limerock concrete is 106 to 113 
lbs. per cu. ft. as compared to 132.6 to 136.3 for limestone concrete and 
146.4 to 148.2 for sand and gravel concrete. When these densities are 
plotted against k in Table 4, all six points fall on a straight line. 
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The commercial limerock concrete has a lower k than the laboratory 
samples. It was made from a non-plastic dry mix and therefore it is not 
necessarily expected that its thermal conductivity value would agree 
with that of the laboratory prepared materials. 
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Cement Investigations for Boulder Dam— 
Results of Tests on Mortars up to Age of 10 Years* 


By RAYMOND E. DAVIS, WILSON C. HANNA and ELWOOD H 
BROWNt 


Members American Concrete Institute 


SYNOPSIS 


The effeets of composition and fineness of the laboratory cements 
employed in cement investigations for Boulder Dam upon strength, 
volume changes, and sulfate resistance of mortars, are reported for ages 
up to 10 years. For both wet and dry storage conditions, factors for 
each of several ages are given which indicate the contribution of each of 
the four major compounds present in portland cement to tensile and 
compressive strengths and volume changes 


INTRODUCTION 

The program of cement investigations for Boulder Dam, inaugurated 
in 1931 by the U.S. Bureau of Reclamation, included a series of tests on 
mortars to determine the effect of time upon strength, volume changes, 
and resistance to sulfate action. These investigations were described 
in a papert presented at the 1933 ACT convention, and the results of the 
investigations up to the age of one year were similarly presented in a 
paper** at the 1934 convention. For details of the program, reference is 
made to these two papers, 

These investigations have since been continued, and the purpose 
of this paper is to report selected results up to the age of 10 years. The 
tests to determine strength and resistance to sulfate action were made in 
the laboratory of the California Portland Cement Co. at Colton, Cali- 
fornia; those for volume changes were conducted in the Engineering 
Materials Laboratory of the University of California at Berkeley. This 
*Received by the Institute February 6, 1046, 

{Reapectively, Director, Engineering Materials Laboratory, University of California, Berkeley, California; 
Chief Chemist and Chemical Engineer, California Portland Cement Co., Colton, California; Research 
Engineer, Engineering Materials Laboratory, University of California, Berkeley, California 
t’'Cement Investigations for Hoover Dam,"’ by Raymond EF. Davis, R. W. Carlson, G. E 
J. W. Kelly; ACI Jounnatn, v. 4, June 1033, Proe., v. 20, pp. 413-431 

**’ Cement Investigations for Boulder Dam with the Results up to the Age of One Year,”’ by Raymond E 


Davia, Ro W. Carlson, G, B. Troxell, and J. W. Kelly; ACI Jounnan, v. 5, May-June 1034, Proe., v. 30, 
pp. 485-407. 


» Troxell, and 
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report is concerned only with cements of the laboratory series; that is, 
with those that were burned in the laboratory rotary kiln of the South- 
western Portland Cement Co, and were ground in the laboratory batch 
mill of the Riverside Cement Co. 


OUTLINE OF PROGRAM 
Cements 


The oxide analysis and calculated compound composition of the 
clinker of each of the cements is given in Table 1.* It will be noted that 
the range in composition was much larger than is found among com- 
mercial cements. For all cements, except L-10 and L-20-RH, both the 
free lime and the loss on ignition were low. ‘Table 2 shows the fineness 
of the cements both in terms of percentage passing the 200-mesh sieve 
and in terms of calculated specific surface based on measurements made 
with the Riverside microneter.t The indications are that the Wagner 
turbidimeter values would be about 17 percent higher. For tests to 
determine the effect of composition, the nominal specific surface was 
1200 sq. em. per gram and the average percentage passing the 200-mesh 
sieve was 85. For tests to determine the effect of fineness, the specific 
surface varied from 1000 to 1700 sq. em. per gram, and the percentage 
passing the 200-mesh sieve varied from 78 to 96, All the cements me 
the ASTM requirements for soundness and time of setting (see Table 2) 
Aggregates 


For volume-change specimens, the aggregate was Boulder Dam sand 
all passing the no, 4 sieve and having 3 percent finer than the no, LOO 
sieve. Its fineness modulus was 2.68. ‘The sand contained 63 percent 
quartz, 9 percent limestone, and 9 percent chalcedony. For tension 
briquets and 2 by 4-in. compression cylinders, standard Ottawa sand 
was used, 


Manufacture and storage of test specimens 


The tension briquets were manufactured and cured up to the age of 28 
days in accordance with Standard Methods of ‘Testing Cement (ASTM 
Designation C77-30). The 2 by 4-in. compression cylinders were manu- 
factured and cured up to the age of 28 days in accordance with the 
former tentative standard (ASTM Designation C9-16T), 

Kor each cement, tensile and compressive strengths were determined 
at ages of 1,3, 7, and 28 days, 3 months, and 1, 5, and 10 years, For each 
age and each condition, three specimens were tested in tension and three 
in compression, For tests made after the age of 28 days, half the speci 
mens for each cement were continuously stored in slowly circulating 
water at 70 I, and the remaining specimens were continuously stored in 


*All tables and figures appear at end of text 
pata y= ieee for Determination of Mive Dietribution of Particles in’ Pine Powders by Hobert ‘I 
nd, and Kangra, Chem,, Anulytionl Wdition, vo 6, No. 1, January 15, 1044, pp, 66-71 
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air of an open attic room in the laboratory of the California Portland 
Cement Co. at Colton. They were protected from direct exposure to 
sunlight and rain but were subject to changes in the daily temperature 
and humidity of that locality. During the 10-year storage period, the 
range in temperature was from about 30 F to about 115 F, and the range 
in relative humidity was from about 15 percent to about 95 percent. 
These extremes of temperature and humidity prevailed only for short 
periods during each year of the ten. 


For the tests for sulfate resistance, one part of each of the three bri- 
quets for each cement, broken at the age of 28 days, was immersed in a 
2 percent solution of sodium sulfate maintained at 70 F, and the other 
part of each briquet was immersed in a 10 percent solution. The speci- 
mens were Observed periodically and were rated by visual inspection. 
The tests were discontinued at 18 months, 


The specimens for volume change were 14 by 1 by 12-in. plastic- 
mortar bars composed of 1 part cement to 34 parts Boulder Dam sand 
measured by weight. For each cement, the water-cement ratio employed 
was the same as that required to produce a flow of 40 percent for con- 
crete having a cement-aggregate ratio of 1:5.6 by weight and containing 
0 to 44-in. Boulder Dam aggregate. Up to the age of 28 days, the speci- 
mens were cured in a moist atmosphere under time-temperature condi- 
tions calculated to be substantially the equivalent of those which would 
obtain in mass concrete. Initial observations of length were made at 
the age of 2 days, and at the age of 28 days a second length observation 
was made on each bar. Thereafter half the bars for each cement were 
stored continuously under water at 70 F, and the remaining bars were 
stored continuously in air of 50 percent relative humidity at 70 F, 
Observations of length changes were made periodically up to the age of 
10 years. ‘Three specimens were tested for each cement and each condi- 
tion of storage. 


TEST RESULTS 


Tensile and compressive strengths 


Effect of Composition, In Table 3 are given the results of tension and 
compression tests. Hach value in the table represents the average of 
three specimens, ‘To determine the effect of composition upon tensile 
and compressive strengths, selected values from Table | have been 
plotted in the bar diagrams of Fig. | to 4. The diagrams of Fig. 1 and 2 
are designed to show the effect of variations in tricalcium silicate (8CS8) 
and dicalcium silicate (2CS), The diagrams of Fig, 1 are for cements 
containing 0 percent tricalcium aluminate (8CA), and the diagrams of 
Vig. 2 are for cements containing approximately 11 percent 38CA, 
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Considering the tensile strengths for the condition of air storage after 
28 days, it will be observed that for cements containing 0 percent 3CA 
the highest strength is obtained with cement L-6 (55 percent 3CS) (Fig. 
1); on the other hand, for cements containing 11 percent 3CA, the 
lowest 10-year strength is for cement L-2 (68 percent 3CS) (Fig. 2). 
There seems to be little difference between the 10-year strengths for 
ranges in 3CS from 16 to 55 percent (Vig. 2). 

Under conditions of water storage, for 0 percent 3CA the later-age 
strengths seem to be little influenced by the 3CS content, but for 11 
percent 3CA the later-age strength is the least for the cement which is 
highest in 3C’'S (68 percent). 

All cements (Fig. 1 and 2), regardless of 3CA and 3CS content, under 
conditions of water storage, exhibit some retrogression in tensile strength 
at the later ages; but this retrogression is considerably greater for the 
cements that are high in 3CA (11 percent) than for the cements con- 
taining 0 percent 3CA. The difference between tensile strengths in dry- 
air storage and the corresponding tensile strengths in wet storage is on the 
average considerably greater for cements containing Il percent 3CA 
than for cements containing 0 percent 3CA. 

Considering 10-year compressive strengths under dry-storage con- 
ditions, among the cements containing 0 percent 3CA, cement L-6 (55 
percent 3CS) exhibits higher strength than do the cements of either higher 
or lower 3CS content; for the cements containing 11 percent 3CA, the 
higher the 3CS content the higher the 10-year strength. For water 
storage the effect of 83CS content on the compressive strength at 10 years 
appears to be negligible, regardless of the 3CA content. Among the 
various cements, under conditions of water storage, all but cement L-6 
(55 percent 3CS, 0 percent 3CA) exhibit some retrogression in compres- 
sive strength, though in all cases the amount of retrogression is small. 

There is fair correlation between the age-strength relationships ex- 
hibited by cements in compression and those in tension, though generally 
the variations on a percentage basis are greater for tension than for 
compression, 

In general, for cements of high 3CS content, the later-age compressive 
strengths are substantially higher for dry storage than for wet storage; 
for cements low in 3CS the later-age compressive strengths are little 
affected by storage conditions, 

Fig, 3 and 4 show the effect of variations in 83CA content upon tensile 
and compressive strength for both wet- and dry-storage conditions, 
Referring to Fig. 3, it will be observed that in general for cements of 
normal 3CS content, the higher the 3CA the lower the later-age tensile 
strength for both wet-storage and dry-storage conditions, though this 
trend is more marked for wet storage than for dry storage, Under con 
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ditions of wet storage, all cements regardless of their 3CA_ content 
exhibit retrogression in tensile strength, but this retrogression is least 
for cement L-6, containing 0 percent 3CA. Referring to Fig. 4, it will be 
observed that cement L-10 (59 percent 3CS, and 18 percent 3CA) ex- 
hibits the highest 10-year tensile strength under dry-storage conditions 
and the lowest 10-year tensile strength under wet-storage conditions, 

As shown in Fig. 3 and 4, for wet-storage conditions the 10-year 
tensile strength is less than the 28-day tensile strength for the cements 
containing 6 percent 3CA or more, and the 10-year tensile strength is 
less than the 7-day tensile strength for the cements containing more than 
11 percent 3CA, 

Again referring to Fig. 3, for dry-storage conditions, the 10-year 
compressive strengths are little affected by 8CA content for cements of 
normal composition (L-24, L-l, L-5, and L-10), However, for wet- 
storage conditions the greater the 3CA content in the range of 6 to 20 
percent, the lower the 10-year compressive strength. 

Effect of Fineness. In Fig. 5 to 7 are plotted the tensile and com- 
pressive strengths for four finenesses each for cements of three composi- 
tions varying from one another principally in the 8CS content. Regard- 
less of 8CS content, under dry-storage conditions, the finer the cement 
the higher the tensile strength. The effect of fineness is much more pro- 
nounced for cements of low 3CS content than for cements of high 3C'S 
content, Under wet-storage conditions, the fineness of the cement 
appears to have no significant effect on the 10-year tensile strength. 
Under both wet-storage and dry-storage conditions, in general, the finer 
the cement the higher the 10-year compressive strength, 

The same general effect of fineness on 10-year tensile and compressive 
strength is indicated by the diagrams of Fig. 8. 


Volume change 


The length changes of mortar bars for both dry-storage and wet- 
storage conditions are given in Table 4, Selected values of gross contrac- 
tion under dry-storage conditions have been plotted as bar diagrams in 
the upper portions of Fig. | to 8 Fig. 1 and 2 are designed to show the 
effect of 8C;S content upon drying shrinkage. For cements of both low 
and high 8CA content, regardless of age, the higher the 3CS the lower 
the shrinkage, though within the normal range of composition (25 to 55 
percent 3C'S) the effeet of 8CS content is small. The 83CA content of a 
cement apparently has no significant effeet upon shrinkage (Fig, 3 and 
4). 

It appears that the fineness of a cement has little or no effeet upon 
shrinkage regardless of the length of period over which the drying occurs 
(Vig. 5 tos), 
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Studies of the values in Table 4 indicate that in general under con- 
tinuously moist conditions the higher the 3CA content and the higher 
the 3CS content, the greater the expansion. The fineness of a cement 
appears to have no appreciable effect upon expansion. 

Sulfate resistance 

In Table 4 are also given the results of tests on mortar briquets in 
2 percent and 10 percent solutions of sodium sulfate. Examination of the 
table reveals that all specimens in the 10 percent solution show the effect 
of the salt within 4 months, and that all specimens in the 2 percent solu- 
tion, except the extreme low-heat composition L-11, exhibit signs of 
disintegration within 8 months. Specimens containing cements having 
3CA contents greater than about 6 to 8 percent disintegrate rapidly in 
both solutions, while specimens containing cements having 3CA contents 
lower than about 6 percent exhibit strong resistance to disintegration 
in both solutions up to the end of the test (18 months immersion). The 
greatest resistance is exhibited by cements of low (2 to 4 percent) 3CA 
content and medium or low 3CS content. 

The values of Table 4 do not show any significant effect of the fineness 
of a cement in resisting the action of sodium sulfate. 


Contributions of major compounds to strength and volume changes 


The contributions of the major compounds in clinker to strength and 
volume changes is a matter of interest. While the limited number of 
specimens (3 for each condition of test) provides insufficient data for 
quantitatively computing the probable contributions of these com- 
pounds with accuracy, nevertheless it is felt that the results of such 
computations give clear indications of the general trends. On the 
assumption that only the four major compounds in a cement. infiuence 
strength and volume changes in the mortars, the contributions of these 
compounds have been computed by the method of least squares by using 
the equation: 

w(percent 3C'S) + «(percent 2CS) + y(percent 3CA) + 2(percent 4CAF) 
= unit strength or unit change in length at a given age. 
in which w, x, y, and z are the respective contribution factors. 

In the least-squares analysis for contributions to strength and volume 
changes only the observed values for cements of the first series were 
employed; but in calculating the contributions to volume changes there 
were not included cements (1) high in magnesia (Mg0), or (2) containing 
more than 65 percent 2CS. 

The diagrams of Fig. 9 show the calculated contributions of each 
percent of the four major compounds to tensile strength. The full lines 
are for water storage and the dash lines are for air storage after the age of 
28 days. Fig. 10 shows similar diagrams for compressive strength. 
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For dry-storage conditions, at the later ages 3CA provides the greatest 
positive contribution to both tensile and compressive strength; but under 
wet-storage conditions, 3CA provides the greatest negative contribution. 


Under both wet and dry conditions, the effect of tetracalecium alumino- 
ferrite (4CAF) is generally to increase the tensile strength, though under 
wet conditions at the later ages its contribution is small. On the other 
hand, the effect of 4CAF is substantially to reduce the compressive 
strength under both wet and dry conditions, except under dry-storage 
conditions at the later ages where it appears that 4CAF may provide 
some slight positive contribution. 


The positive contribution to tensile strength under dry conditions 
is considerably greater for 3CS than for 2CS at all ages, but under wet 
conditions the positive contribution of 3CS is about the same as, or a little 
less than, that of 2C’S at the later ages. For both wet and dry conditions, 
the positive contribution of 3CS to the compressive strength is greater: 
than that of 2CS, though under conditions of wet storage at the later 
ages the difference is small. Under wet-storage conditions, the calcu- 
lated contribution of 3CS to both tensile and compressive strength in- 
creases but slightly after the age of 28 days, but the contribution of 2C'S 
increases at a substantial rate up to the age of | year. 


The calculated contributions of the major compounds to length 
changes of mortar bars under both wet-storage and dry-storage conditions 
are given in Table 5. The values in the table indicate that 3CA is the 
greatest contributor to expansion under wet conditions; at the age of 10 
years its contribution to expansion is approximately six times as great 
as that of any of the other three major compounds. The least contribu- 
tion to expansion is made by 4CAF. The contribution of 3CS is greater 
than that of 2CS up to about 1 vear, but at 10 years the reverse is true. 


Under dry conditions, the greatest contributor to shrinkage is 2CS; 
at the age of 10 years, its shrinkage contribution is approximately double 
that of any of the other three major compounds. 3CS contributes 
slightly more to shrinkage than does either 3CA or 4CAF. 


It is desired again to emphasize the limitations of the data upon which 
the calculated contributions of major compounds are based and again to 
state that these values are presented merely to show trends. Further- 
more, it should be borne in mind that the tests were made on mortars 
and that the specimens were small. While it might be expected that the 
same general trends would be exhibited by small concrete specimens 
under similar conditions of curing and storage, certainly the application 
of these contribution factors to concrete structures of substantial size 
would probably not be justified. 
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o 


TABLE 5—CONTRIBUTIONS OF MAJOR COMPOUNDS IN CEMENT TO LENGTH 
CHANGES OF PLASTIC MORTAR 


Contribution of each percent of 








Length change Age, compound to length change, 
yr. millionths 
3CS 2CS 3CA 4CAF 
Total expansion* l +1.6 +1.1 +94 —0.2 
(Specimens immersed 
continuously in water at 10 +1.5 +1.9 | +11.2 +1.1 


70 F, after 28 days of 
mass curing.) 


Gross contraction l +5.2 +7.9 +3.8 +4.4 
(Specimens stored con- 
tinuously in air of 50 percent 10 +7.4 +13.5 +6.7 +5.9 


R.H. at 70 F, after 28 
days of mass curing.) 





a.—Referred to length at age 2 days 
b.—Referred to length at age 28 days. 


Note: Specimen, 1% by 1% by 12-in. bar—3 per condition. 
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CemenrNa = L-9 £6 L-7 L-9 L6 L-7 
Spec.SuRFi 1200 1200 1200 1200 1200 1200 
SCS 70 5S la 70 55 12 
2CS 10 a4 70 10 24 70 
TCA 0 Qo (4) 0 Qo 0 
ACAF 17 18 IS 17 £8 15 
Srorace —————— IN AIR AFTER AGE 28DAYS ———--_ #&_____ IN WATER AT 20° — = yy 














Fig. 1—Effect of tricalcium silicate and dicalcium silicate upon strength and contraction 
of mortar—O percent tricalcium aluminate. 
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Fig. 2—Effect of tricalcium silicate and dicalcium{silicate upon strength and 
contraction of mortar—11 percent tricalcium aluminate. 
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Fig. 3—Effect of tricalcium aluminate upon strength and contraction of 
mortar—normal tricalcium silicate. 
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Fig. 4—Effect of tricalcium aluminate upon strength and contraction of mortar—high 
tricalcium silicate. 
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Fig. 6—Effect of fineness of grinding upon strength and contraction of mortar—cement of 
medium tricalcium silicate content. 
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Fig. 7—Effect of fineness of 
high tricalcium silicate content. 
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Fig. 8—Effect of fineness of grinding upon strength and contraction of mortar—low-heat 
cements containing normal percentages of combined silicates. 
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Fig. 9—Contributions of major compounds in cement to tensile strength of standard mortar. 
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Fig. 10—Contributions of major compounds in cement to compressive strength of standard 
mortar. 

















Disc. 43-3 —a part of PROCEEDINGS, AMERICAN CONCRETE INSTITUTE Vol. 43 





JOURNAL 
of the 
AMERICAN CONCRETE INSTITUTE 
Vol. 19 No. 4 7400 SECOND BOULEVARD, DETROIT 2, MICHIGAN Part 2 Dec. 1947 





Corrections to a paper by Raymond E. Davis, Wilson C. Hanna and Elwood H. Brown: 


Cement Investigations for Boulder Dam— 
Results of Tests on Mortars up to Age of 10 Years* 


In the printing of this paper, Fig. 2 and 3, on pp. 38-39 and 40-41 were 
incorrectly positioned on the right hand pages where the charts should 
have the bottoms in alignment. On the following pages (48-2 through 
48-5) they are reprinted as they should appear. 








*ACI Journat., Sept. 1946, Proc. V. 43, p. 21. 
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Fig. 2—Effect of tricalcium silicate and dicalcium silicate upon strength and 
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Fig. 2 reprinted in its correct position as it should have been on pp. 38-39 
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contraction of mortar—11 percent tricalcium aluminate. 








a 
i 

Fe 
f 
‘ 
+ 
t 





48-4 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 








“41 
1200 
IS 
23 
il 
8 


L-S 
1200 
51 59 
25 15 
18 18 


3 4 


———IN AIR AFTER AGE 28 DAYS ——-— 


Fig. 3—Effect of tricalcium aluminate upon strength 
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Fig. 3 reprinted in its correct position as it should have been on pp. 40-41 
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Analysis and Design of Elementary Prestressed Concrete 
Members* 


By HERMAN SCHORERt 


Member American Concrete Institute 


SYNOPSIS 


The purpose of this paper is to outline the analysis and design of ele- 
mentary prestressed concrete members, such as beams, columns, ties, 
etc., subjected to internal and external axial forces and bending mo- 
ments. The internal stresses, caused by the action of the prestress 
forces, are combined with the stresses due to external loads in three 
typical loading stages. The first stage considers the stress condition 
resulting from the simultaneous application of all sustained loads. 
The second stage determines the stress changes due to normal live loads, 
based on a truly monolithic participation of the entire concrete area. 
The third stage assumes a cracked tension zone, which condition intro- 
duces the derivation of ultimate stresses and clarifies the influence of the 
prestress action on the type of failure. 

The analytical expressions are simplified by means of convenient 
ratios, which essentially define the sectional shape, the effective steel 
prestress, and the concrete fiber stresses. Numerical examples serve to 
illustrate the various steps. 


1. INTRODUCTION 


The analysis of relatively slender, prestressed concrete members is 
simplified by the assumption of a straight line stress distribution. 
Quick-loading tests of prestressed beams, as reported by Hoyer f, 
Oppermann® and Schorer®, reveal a nearly proportional relation be- 
tween instantaneous loads and deflections, at least up to the appearance 
of cracks. The straight line stress relation seems to be justified for all 
normal loads and for practical purposes also in case of ultimate loads. 

The element of a prestressed member consists of a short prism, sub- 
jected to internal and external axial forces and, internal and external 
~*Submitted to the Institute January 29, 1946. 


tPresident, Bosari Tank Corp. of America, New York City. 
tSee references at end of paper. 
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A = area of transformed section. 

A, = area of net concrete section. 

A,, Au, As: = steel areas. 

a = distance between c.g.c. and n.a. 

@ = concrete age at loading. 

AA = elementary area. 

b = width of beam. 

C = shape ratio. 

C,, = resultant concrete compressive force, 
third stage. 

c = a constant. 

c.g.c. = center of gravity of concrete area. 
c.g.s. = center of gravity of steel area. 
C1, C2 = extreme fiber distances, from c.g.c. 
ce’), c's = extreme fiber distances, from n.a. 
d = depth of beam to c.g.s. 

E. = modulus of elasticity of concrete. 
E, = modulus of elasticity of reinforcing 
steel. 

e, €1, €2 = eccentricities, with resjfect to 
C.9.C. 

e’ = eccentricity, with respect to n.a. 

és = eccentricity, with respect to prestress 
force. 

fe = effective concrete stress. 

fei, fea = combined effective fiber stresses. 


ft. = effective concrete stress upon release’ 


of the prestress force. 

f-’ = cylinder strength of concrete, psi. 
fw = concrete bending stress, third stage. 
f-~ = concrete stress change, due to axial 
force, N. 

feemo = concrete stress due to M, at c.g.s. 
fiber. 

feno = concrete stress due to N, at c.g.s. 
fiber. 

feamo = concrete stress due to M,, at ex- 
treme fiber, ¢. 

feamo = concrete stress due to M, at ex- 
treme fiber, ce. 

feo max = Maximum concrete compressive 
stress, second stage. 

fea, foe = resultant concrete fiber stresses, 
corresponding to fa. 

fem = concrete stress change due to ex- 
ternal moment, M. 

feop = effective concrete stress at the c.g.c., 
due to prestress force, P. 

Seep = effective concrete stress at the c.g.s., 
due to prestress force, P. 


NOTATION 
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fap = extreme concrete fiber stress, due 
to prestress force, P. 

fep = extreme concrete fiber stress, due 
to prestress force, P. 

fam = concrete fiber stress change due to 
live load moment, M, at c:. 

fam = concrete fiber stress change due to 
live load moment, VV, at co. 

teem = concrete stress change at the c.g.s., 
due to external moment, M. 

Se, fer, Sez 
fa = steel bending stress, third stage of 


= effective steel stresses. 


loading. 
fee = effective steel prestress, third stage 
of loading. 


feo: feo, feon = Original steel stresses. 

fem = Steel stress change due to live load 
moment, V7. 

few = steel stress change, due to axial 
force, N. 


fey = steel yield point. 

Af, = total steel stress reduction. 

A, = steel stress reduction due to elastic 
deformation. 

A, = steel stress loss due to plastic flow. 
A, = steel stress loss (or gain) due to 
shrinkage (or swelling). 

fe, = total steel stress, third stage. 

h = total height of beam. 

I = moment of inertia of transformed 
section, referred to n.a. 

I’ = moment of inertia of effective area, 
third stage. 


I, = moment of inertia of net concrete 
section, referred to c.g.c. 

j. ji = lever arm ratios of external mo- 
ment. 


k, kp = depth to neutral axis, ratio. 

ki = fap / feop, Stress ratio. 

ke = fop / feop, Stress ratio. 

ke = feer / feop, Stress ratio. 

ka, ke, ka = stress ratios, doubly rein- 
forced sections. 

ku, kia, ke, key = stress ratios, doubly re- 
inforced sections. 

L = span of simple beam. 

l = length of prism. 

Al = shortening of prism. 

M = live load moment. 
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M, = ultimate moment, over-reinforced S.2. = section modulus of fiber, ¢:, re- 


beam. ferred to c.g.c. 

M, = dead load moment. S.- = section modulus of fiber e, referred 
M, = M, + M = total moment, second _ toc.g.c. 

stage. S.’; = section modulus of fiber c’;, referred 
M,, = Total moment, third stage. to n.d. 

M, = ultimate moment, underreinforced _S,’. = section modulus of fiber c’2, referred 
beam. to n.d. 

m = steel stress loss factor due to plastic S’, = section modulus of fiber e’, referred 
flow. to n.a. 

n=E,/ E.. Au, Se = steel stress reductions, doubly 
N = axial force (live load). reinforced sections. 

N, = axial force (dead load). T = steel tensile force, due to bending, 
n.a. = neutral axis. third stage. 

P, P,, Pz = effective prestress forces, dur- w = static moment of elementary con- 
ing first and second loading stage. crete area. 

P, = effective prestress force, third stage w, = static moment of steel area. 

of loading. y = variable distance from neutral axis. 
P, = original steel prestress force. Ye = distance of concrete compressive 
P, Pi, P2 = Steel area ratios. force from neutral axis. 

Q’ = static moment of effective area, 1 = distance between equivalent axial 
third stage of loading. force and elementary area. 

r = radius of gyration, also prestress ratio. , = distance between equivalent axial 
ry = prestress ratio, referred to steel yield — force and neutral axis. 

point. e = relative eccentricity of c.g.s. 

S.. = section modulus of fiber c,, referred vy, yo = relative distances to extreme 
to ¢.g.c. fiber. 


bending moments. Depending on the dominating stress condition, such 
an element may be designated as a beam, column, strut or tie, etc. The 
consistent presence of the axial prestress force excludes the case of simple 
bending. However, in case the internal and external moment balance 
each other, there will result a uniformly stressed beam. 

For the purpose of analysis and design, it is convenient to consider 
three typical loading stages, as shown in Fig. 1. The analysis starts 
from a known, original stress condition (o) then investigates the effective 
stress system (e) under normal live loads, and finally determines the 
ultmate stress condition (u). The design proceeds in the opposite 
direction, starting, for instance, with the steel yield point stress, f.,, a 
given factor of safety, and finally establishes the required original steel 
stress, f so. 

The first loading stage comprises the stresses caused by the release of 
the original prestress force, P,, and sustained loads, such as the dead 
load moment, M,, of a beam, or the permanent compression or tension, 
N., in columns and ties respectively. The resulting, effective stress 
system will be subject to time variations, caused by gradual volume 
changes of the concrete (shrinkage or swelling, plastic flow or creep). 
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Fig. 1—Three typical loading stages. 


Under constant storage conditions the effective stresses approach more 
or less stable values, after about 20 loading periods™. The magnitude 
and rate of change of these time deformations is influenced by numerous 
variables, such as relative dimensions, humidity conditions and chemical 
changes. The designer is mainly interested in the initial and ultimate 
values. 

The second loading stage includes the temporary stress changes due to 
live load moments, M, and axial forces, N. In contrast to the sustained 
loads, the intermittent loads are expected to produce negligible time 
deformations. In many cases it will not be possible to make a clear 
distinction between dead loads and live loads. For instance, the water 
pressure in a prestressed concrete pipe may act as a sustained load in one 
case, Or, as an occasional live load in another case, depending on load 
duration, frequency and average magnitude. ‘Two identical bridges, 
designed for identical loadings, may have different ultimate deflections, 
caused by a continuous, relatively heavy traffic in one case and a seasonal, 
light traffic in the other case. The ultimate deflections, therefore, may 
serve as an indication for the traffic history. 

The first and second loading stages are assumed not to produce cracks, 
so that truly monolithic action prevails over the entire concrete section. 
This condition requires the elimination of tensile stresses under normal 
load conditions. In order to obtain a definitely crack-free concrete, it 
may be specified that the tensile stresses due to a given, excessive live 
load shall not exceed the flexural or tensile strength of the concrete, in 
beams or tension members respectively. 

The third loading stage is based on a cracked tension zone and leads 
to the conditions which determine the ultimate load capacity and the 
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type of failure. The corresponding stress condition is derived from the 


theory of ordinary reinforced concrete members, subjected to bending 
combined with axial loads. The effective prestress forces represent 
internal, axial loads (compression). The ultimate load capacity is 
evidently a function of the steel prestress, the steel yield point and the 
concrete compressive strength. 

The elementary design principles of prestressed members should be 
applicable to all types of structures, independent of prestress methods 
and load transfer. The embedding of stressed steel wires or rods in 
concrete was first suggested by Doehring, as reported by Pistor and 
Lossier, and further developed by Freyssinet®, Hoyer and others. 
The so-called post-stressing of reinforcing steel, as described by Rosov™, 
Dill, Crepps®, Crom, ete., transfers the stretching force reaction 
directly on the concrete, generally in connection with reduced bond 
resistance. Indirect prestressing of reinforcing steel has been proposed 
by Freyssinet, Maney“ and Finsterwalder™, 

The above methods are based on mechanical steel stretching devices 
in contrast to the expansion by means of heat, as used by Rum! and 
the thermo-electric process described by Billner“®) and Carlson“, also 
the chemical expansion of concrete as developed by Lossier™. Abeles(” 
has suggested partly prestressed concrete, in contrast to full prestressing. 

In general it may be said that a relatively high yield point steel and 
a high strength concrete are adapted to produce a high concrete prestress, 
combined with a minimum error in the effective stress determination. 
The combination of high strength materials also leads to desirable 
simplifications in the analytical expressions. All relations are best 
expressed by means of dimensional ratios. 


2. DIMENSIONAL RATIOS 


With reference to Fig. 2a, the following ratios are introduced, 


71 = i ~<a my : TUR Are Tae (1) 
n= —. (2) 
h/2 
e ‘ 
=. (3) 
and, 
Pa: (’ / “y he “ 
r 1? 
where, 
: I, 
7 (5) 








"@BDjs purses (2) ‘eBoys 48114 (Q) ‘uoi>es pedicure: Ajqnog (©0)—¢ “B14 























- 

o (2) (9) 

5 wag 

me) 

s ee 3 j 

2 he oo 5 aaf " ee 


































































































ce 9 
4 
3 * 
Z nw soy an aa = 
w Hertel © 
ou/Quco> % w 
eles : 
OC "eBnys puocres (2) ‘eGnys ys114 (q) ‘uoyres periojuie: Ajdwic (0)}—z “B14 
Z (2) (7 
z ) 
a te 
on ; 
= 
<x _ 
ww —. ~ 
" tee 
a — 
O 
et oan 
< 
Zz 
a 
a 
O + 
ais. ' 
eu F3y ih SANT eles yy WY 





54 








ti, i, EE i i it, td 


tit, i tt Me Mis 





DESIGN OF PRESTRESSED CONCRETE MEMBERS 55 


Equation (4) defines a typical shape ratio, which is convenient for 
design and estimating purposes. Low values of C, say, S 2, indicate 
efficient sections, such as thin tubes, structural steel beams, etc. Values 


‘of C, say, = 2, generally apply to less efficient shapes, such as rectangu- 


lar beams, solid rounds, etc. For efficient prestressed concrete sections, 
as shown in Table 1, C = 1.8 to 2.2. 


TABLE 1—SHAPE RATIO 


Type | Section | C | Reference 


Rectangular 
Round, solid 
Geometrical T riangular 

Round Tubes, thin 
Square Tubes, thin 


.40-1.53 | “Bethleham 











| Bethlehem I-Beams 4 
Bethlehem Girder Beams | 1.31-1.48 | Structural 
Bethlehem H-Columns | 1.32-1.67 | Shapes” 
Structural Steel American Standard I-Beams 1.48-1.85 | “Carnegie 
| C B Sections | 1,30-1.66 | Pocket 
| Rails, ASCE and ARA Standard 1.79-1.86 | C ompanion” 
| Hoyer’s Section H 24 3.41 | (1) Table 8 
| Hoyer’s Section N20 and N24 2.22, 2.24 | (1) Tables, 6 & 7 
Prestressed Concrete | Wayss and Freytag Test Girders 1.89 (2) p. 142 
| Test Beams No. 46 to 49 | 2.18 | (3) p. 515 
| Roof Test Slab } 2.74 (3) p. 525 


/ 3. STRESS RATIOS 
With reference to Fig. 2b, the prestress force, P, produces an average 
concrete stress, 
P A.f, 2 
flop = — = dh! EPC TE OS a, er (6) 
A, A. 

The corresponding fiber stresses are defined by the stress ratios, 
By See pie SE tA aie, ete (7) 

feor yr 

Sap € C2 


ky = aos Sera hg bic ae  Kvd lace 
Secor r? 


ko Soop _ 1 + ae - paver , Joe nig QC 
a r? 
rom equations, (1), (2), (3) and (4), also, 
k= 1+Cen....... Piped ecb tak _. (10) 
ke=1—Cers...... ; iy wept 
k=1+Cée...... cs ‘atta “ eas vai 
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4. EFFECTIVE STRESSES—-SIMPLY REINFORCED SECTIONS 


The effective concrete and steel stresses are based on the simultaneous 
application of internal and. external sustained loads. The internal load 
comes into play by the instantaneous, or gradual release of the original 
steel stretching force, P., defined by the corresponding steel stress, f,.. 
This force is applied on a yielding support, due to the instantaneous 
(elastic) and more or less gradual time deformations (shrinkage, swelling 
and plastic flow) of all concretes. 


The positive sign of the steel stress indicates tension. The positive 
sign of a concrete stress indicates compression. Expansion of the con- 
crete causes tension in the embedded reinforcing steel and a correspond- 
ing compressive reaction in the concrete. Expansive deformations due to 
internal causes will therefore be introduced with the positive sign, as in 
case of a swelling action. Contraction of the concrete causes a com- 
pressive stress in the embedded steel and a tensile reaction in the con- 
crete. The negative sign therefore applies to drying shrinkage. 


The steel stress change due to external forces and moments is defined 
as positive when the steel prestress is increased thereby. The corres- 
ponding concrete stress change then is negative. During the first stage 
of loading the attion of the prestress force on the plain concrete section 
is similar to that of an external load. In general, a compressive concrete 
stress, f.., acting at the c.g.s. fiber, will cause a steel stress change, A,, 
due to the elastic deformation of the concrete, a steel stress change A,, 
caused by plastic yielding or creep of the concrete. In addition, the 
volume changes due to swelling (+), or shrinkage (—), will cause a steel 
stress change, designated by, A,, therefore, 


eta dt plea Givin h Geb dis neee ONik eed ea ee (13) 

NIE MR SSNs 6 166 6's pai dig sh wine 5 * Hew a we (14) 
=x ‘ 

A, -=" bp oe gk: BEA iy Ga ae Re et 


With reference to equations (6) and (9), the concrete stress, f..p, due 
to the prestress force, is, 

eS es ae er 

With reference to Fig. 2b, the concrete stresses, f..4, and f.v,, due to the 


sustained external moment, M,, and the uniform, sustained axial force, 
N,, are, 
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For simply reinforced sections, with symmetrical conditions about the 
vertical axis, the effective steel stress, f,, then becomes, 


T. = F +x A,—A,-— Ay + (n + m) (fem, of Sen.) Ee eee ee eee (19a) 
fe =fo t+ Ad, — (n+ m)ke pf, + (n + m) (feos, + fen,)-...-..- (9b) 
or, 


f, = Yo te) Tt) Sa Phony ae 
: 1+ (n+ m) pk, 
The effective prestress force then is, 
Mie Bis 5 os 2 nats BORE eo aN a BA as od ee ee (21) 
and the corresponding concrete fiber stresses, designated by f.ip, and f.sp, 
with reference to equations (6), (7), and (8), 


Sk Bates MB Os. oo ae een oa ie iw een SE 
Sap = kefeop = ke pfe.. iS 4 Rete ok ei ied «kh ces (23) 
The fiber stresses due to the sust ainoll mome at. M,, are 
—M, 
foam, = “Sa dO s2 6 OG 26 2 oo Fw ok 8 & Ob) s HORS BRS 66 OE OAs (24) 
M, r 
aM, = o sit eee a ee ee ee Cee eee eee er Ss ee Le ee ae ee (25) 
Se 


The combined, effective fiber stresses, f.1, and, f.2, for the first stage of 
loading are found from the algebraic sum, 

Fin SE Ba OTe Beet, Rn a ss a a sc tins vs eee bcs oe (26) 

fea = ke Pp fa + Sam, + fen, ee ee ee oe en ee ee ee (27) 

The fundamental equation (20), permits the derivation of special 

expressions. For instance, in case of uniformly prestressed members, 

k, = 1, and the absence of sustained external moments and axial forces, 

M, = 0, N. = 0, the effective steel stress is reduced to the expression, 


Pe ae ts. ome at Pe ee (28) 
1 - (n + m) p 
Considering the somewhat different definition of the sign for A,, equa- 
tion (28) is identical with the expression previously presented(®), p. 508, 
equation (22).). 

As an example, consider the Hoyer type beam, Fig. 2a, having the 
section properties shown on Table 2, and the loads shown on Table 3. 
Since, V, = 0, from equation (20), 

j, = VeRO SMe oe aS (29) 
1 ie (n + m) pk, 
By substituting, f,, = 200 000 psi, A, = — 15 000 psi., (n + m) = 15, 
Seem, = 216 psi., 
185 000 + 15 xX | 215 


jf. = - = 166 000 psi. 
1 + 15 x .0037 X 2.41 
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Therefore, from equation (6), 
for = .0037 X 166 000 = 614 psi. 


The fiber stresses, shown on Table 3, are based on equation (7), (8), 


and (9). 


5. EFFECTIVE STRESSES—DOUBLY REINFORCED SECTIONS 


In case of doubly reinforced sections, as shown in Fig. 3a, the effective 
prestress forces, P; and Ps», are defined by the effective steel stresses, 
f,,, and f,2, and the steel areas, A,;, and A,o, respectively, expressed by 
the steel ratios, p, and p2. The average concrete stresses, f..p, and f.op,, 
produced by P; and P», respectively, are, 





fer, = fun ARIS a ee Se .... (30) 
An 82 ‘ 
ScoP, == A = Po Sa a iS Be le a8 ead ee he Sw wwe @ 6 4 (31) 


The corresponding concrete fiber stresses at the eccentricities, e, and 
é, are determined by means of the stress ratios, k, and ke, respectively 
where, from equation (9), 


NNER ios igs cyy sssine vid pac tae ee os (32) 
2 

I re et So, ua ey cine (33) 
2 


The application of P; produces a concrete stress, f-ep,, at the location 
of P;, and also a concrete stress, f.p, at the location of P,. Likewise, 
the application of P2, results in a concrete stress, f.ep, at P2, and a con- 
crete stress, f.eip,, at the location of P;. The stress ratios for f..2p, and 
Scap, are identical and designated by k,». Similar to equation (8), 


ko = 1 —- mi .. oy UN Wake TEES a re ee Pe (34) 
r2 
Therefore, with reference to equations (30) and (31), 
oe Ee ee ee . (35) 
0 eS an er (36) 
ES ne | 7 i 
EE EE SS ON eee (38) 


The reciprocal action of P; and Ps, is expressed by two simultaneous 
equations. For the effective steel stresses, f,; and fy. The original steel 
equations for prestresses, f,.. and f,.2 also the top and bottom shrinkage 
stresses, are not necessarily identical. 


Substituting, 
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S soi -f Asi = Test of Op © 018 6100 0 0.0 0 6 ais & 0 & 616.6, 0 he oO a ew ee (39) 
EE RES OG een ray. Reet hh OER ie (40) 


then, similar to equation (19), 
fa=f' sor —(n+m) ker pifar— (N+) hers Po feat (n+mM) (feiem, + fen.) .. (41) 
fa=f'sa2— (N+) ke Pofez—(n+mM) kerr Pifart(n+mM) (feerm, + fens) -. (42) 
The explicit solution of these equations gives the following expressions, 
f far (1 +(n+m) po kel —f' 02 (n+) po kext (n+m) (feermetSeno) 
a 1+ (n+ m) [pike + poke + (n + m) pr, Po (hea ke — Kerr?) | 
fe Sori L+(n+m) pikeal—f'onr (n+m) pr kest(n+m) (feamet+Sens) 
P 1+ (n+ m)|pike + poke + (n + m) pr, po (ker kez — Keir”)] 
It will be noted that equation (20) represents a special expression, 
which may be derived from equation (43) with pe = 0. The effective 
steel stresses, as determined by equations (43) and (44) can now be sub- 
stituted in equations (35) to (38) inclusive. The combined effective con- 


crete stresses, f-ep and fp, at the location of P; and P» respectively, 
then are, 


. (43) 


(44) 


Seer = ke Piter + kee Pe Sez Peery rere Ce U ea ee (45) 
Scar = ke Pe faa + kes Piles TrTCTrerunret Ter Terese tT (46) 
The combined average, effective concrete prestress, f.op, is 
Soop = Pi Soa 4. Pe fa ory cere Tree OC Tee eC ee ee ee (47) 
The extreme fiber stresses due to the combined action of P; and Pz» 
respectively, become, ; 
fap = ku Pi far +- key Pe Sor hid 6 Sw wigha wR 406, meee eee 4. ae Be ae (48) 
Sap = k-.. Pe fer + kis Pi See “TPE ETT A CL Tete Peele (49) 
where, 
ig Be rh os oe ie des aoa eae (50) 
r? 
ne Sa > FN eR RRR RAR TPE ipe a Te (51) 
y? 
koe = | + = ewer nr a tn er ee ee eT oe a eee eee (52) 
r? 
kee eee Te eR (53) 
2 


It will be noted that the general analytical expressions for doubly 
reinforced sections already become rather cumbersome, although per- 
missible simplifications are possible in case, for instance, pe is small 
compared to pi, or, f’s2 is small compared to f’..:.. The latter assumption, 
with f.. = 0, represents the special case of prestressed bottom rein- 
forcement, and ordinary top reinforcement without any steel prestress. 
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A similar condition is found in so-called partial prestressing”?, where 
prestressed and non-prestressed steel act at the same fiber. 

In the most general case, there will be a multiple amount of prestress 
forces, P?), Py ... Pr, which act at the respective eccentricities, e), és, : 
e,. The reciprocal action of all these forces then leads to n simultaneous 
equations, similar to (41) and (42). The systematic solution of such a 
group has been described by Wright.” 

The effective steel stresses of prestressed sections with multiple rein- 
forcement may also be determined by means of simultaneous, successive 
approximations”, such as shown on Tables 4 and 5, or by means of 
Spangenberg’s"” semi-graphical method described under part 9. 


6. LIVE LOAD STRESSES 


The stress analysis for the second stage of loading determines the 
stress changes caused by the temporary live loads. These stresses are 
based on the properties of the transformed section, as previously de- 
scribed, Fig. 2c, illustrates the combination of sustained and live load 
stresses for a simply reinforced beam. 


. 


In case of double reinforcement, as shown on Fig. 3c, the modified 
location of the neutral axis is found from the relation, 


nN (€:A 4) €y Ag) 


a (54) 
A.-+nA, 
or, approximately, 
a nm ley py Cy Po) in ; (55) 


The moment of inertia, 7, of the transformed section is, 

i T.+a?A,. + (e a)? n Ag + (2 a)? n Age . (56) 
or, approximately, in case a is relatively small, 

] I. + e2n Ag + eo? n Ag Shee Seas .. (57) 
Similar expressions apply in case of multiple reinforcement of any type. 


The fiber distances from the neutral axis are, 


C7} Cj a (58) 
Co! (Co + a ’ (59) 
e,' €| a , ‘ . (60) 
C2" (, + a Segre feos .... (61) 
The corresponding section modulus of the transformed section is, 
a l 
Nel ; i : Wade Culbee Bie ee (62 
C) 
i 
8. ; ST CPT ee 
Ce 
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vy 7 I > 
Set —hoamt TEPER REE LACE OAT eee ee ea eee (64) 
e; ; 
9 
Se = - cca (65) 
€e2 


The concrete stress changes caused by a live load moment, M, then are, 


— M ~ 
fom = - aa? 5% tas «sae e Pewrany vere Tok Pee ea a (66) 
Sa 
M 
c2) = - embed & 6a Weer rey ee ee LP ee ch ef ee (67) 
fam S.’ 
— M . 
feeim = -— re er. , SP PT ir ee ee hg ee oS (68) 
Sel 
— M é 
Seem =e ge se A eae WEEREETEO YT. Cele ee eu ae ee (69) 
Se 
The steel stress changes, designated by fsis and fsex7, become 
fim oP. TE Pees 5s dies. sree SS 44 -Ce 0b ob ee Ok ke a (70) 


feom = n Sceom SoS ee 8 wa 6 Ua be bee OSs 2/5 s OP be bles eee eee (71) 
The concrete stress change, f.v, caused by an axial tensile force N, 
applied at the neutral axis, is uniformly distributed, 


fw = - , < RED Seee ae ee hehe (72) 


The corresponding steel stress change is, 

a Pe De as ss 6 eb ed ees eee na oa eee (73) 
The combined stress system of the first and second loading stage is 
represented by the algebraic sum of the effective stresses and live load 
stresses at identical fibers. Table 6, shows an example, which illustrates 
the successive steps. 


7. SHEARING STRESSES 


The problem of shearing stresses in prestressed concrete members 
has already been treated in detail ( p. 517). It is reduced to a deter- 
mination of the principal stresses. During the first and second stage of 
loading it is desirable to avoid principal tensile stresses in the concrete. 
As a rule, this ideal requires prestressing in more than one direction, 
such as in beams, frames, members subjected to torsional stresses, ete. 


8. ULTIMATE LOADS—RECTANGULAR BEAMS 


The third loading stage is based on the assumption of a cracked tension 
zone, as in ordinary reinforced concrete design. The ultimate load 
capacity will then be reached due to a tensile failure of the reinforcing 
steel or a compressive failure of the concrete. Beams may also fail due to 
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excessive principal tensile stresses of the concrete, so-called “diagonal 
tension.”’ As a brittle material, concrete actually does not fail in shear. 
The probable type of failure can therefore be predicted from an in- 
vestigation of the principal stresses, tension and compression. Other 
types of failure, such as inadequate bond end anchorage, buckling 
tendencies, ete. will not be considered here. 

Of course, the assumption of a cracked tension zone does not eliminate 
the action of prestressed steel reinforcement. During the third stage of 
loading, the effective prestress force, P,., is introduced as a constant 
axial load, which is combined with the external loads. 

The resulting steel stress then consists of a constant steel prestress, 
fs, and the steel stress, f,, due to the external loads. 

As an illustration for the stress investigation of ultimate loads, con- 
sider a simply reinforced, rectangular beam, as shown on Fig. (4), sub- 
jected to the action of an effective steel prestress force, P., and an ex- 
ternal moment, M,,. 
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Fig. 4 


From equilibriun conditions, 
Co @ Pi t+ T @ Asfes > AcJu = MeSeures 60 occa ackwuns (74) 


The moment equation gives, 


SE Big Sn OB @ 2B Gii cls Fie Bot eis vise ee (75) 
Therefore, ° 
M, mt 
Sen — oe ae Su + fev. . ce ee . ee ; oe (76) 
7a A, 
Since, 
Ss rom few b k d = Bis Vien’ ore bitcee y eae ae (77) 
2 
also, 


fy wo Sg, ws SO 
kbd k 
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From the straight line stress distribution, 


San k - 
o=— - [SE EEE SE aces cS a a ne eee (79) 
Jo n1l—k 
Therefore, with reference to equation, (78), 
2=2npi(l — k) Sou DREN aoc oa Sk Gk se 0 2 baie .. (80) 
Su 
Since, 
Su = Jeu ror Fes Pi we 6h 6.0 oe 4058 0 0a ws Od 6 0 6 6 coer eee eee eee (S81) 
also, 
(8. (82) 
1 —Ie 
Sou 
The relative magnitude of the effective steel prestress is expressed by 
the prestress ratio, r, 
p= 22 = ASU Sa es Bcc 


Seu ; Sve + Su 


For a known, or assumed value of 7, the location of the neutral axis 
may be obtained from Fig. 5, or the explicit solution of equation, (82), 


k = (] - mie np(l—r) + (np)? — Nn ae ie) 


A prestress ratio, r = 0, results in a minimum value, k,, 
kp =  2np + (np)? — np..... eR eae ae (85) 


This value is identical with the expression derived from the theory of 
ordinary reinforced concrete. The latter simply represents a special 
case of the more general theory of prestressed concrete. 

As r increases, the neutral axis shifts toward the tension side and 
reaches the ¢.g.s. when r = 1, corresponding to k = 1. This condition 
defines the lower limit of the third loading stage. Values, r > 7, repre- 
sent the second loading stage, where the assumptions of equations (74), 
to (85), inclusive are no longer valid. The extreme casés are shown on 
Fig. 4c. 

The critical steel and concrete stresses are expressed by equations (76) 
and (78), with k from equation (84). Assuming a constant value, M,, 
equation (76) indicates that the total steel stress, f,,, increases with in- 
creasing values of r and np. However, in case r & .5, and np S&S .25 
the maximum steel stress increase is only about 59% compared to an 
identical beam without steel prestress, i.e. r = 0. If f,, designates the 
steel yield point, then M, represents the ultimate moment capacity of 
an underreinforced beam, 
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Fig. 5—Rectangular Section, location of neutral axis, third stage. 
a Es & See Pe Tee PES ere ee ee (86) 
For the same ranges of r and np as ‘above, the ultimate load capacity 
of underreinforced, prestressed beams would theoretically decrease, not 
more than about 5 percent, compared to a convential beam. Equa- 
tions (86) and (84) clearly indicate that higher prestress ratios, r, will 
actually decrease the ultimate load capacity of underreinforced beams. 
For the maximum value, r 1, therefore, k = 1, equation (86) gives, 
2 — 
My ° qo AeSas ++. a46 098 Pag 6 wis 0h Rake ed ae 
Compared to ordinary beams, r = 0, the theoretical load reduction 


is less than one-third. This conclusion apparently contradicts the 
result of a few tests reported by Hoyer” (p. 53), who states: “These 
data very clearly indicate that the ultimate load is independent of the 
prestress.”” However, it should be pointed out that the Hoyer beams 
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with a relatively low steel prestress actually failed due to crushing of the 
concrete, whereas the beams with a relatively high prestress failed in 
tension. The Wayss and Freytag test beams, reported by Opermann”?, 
support the theoretical derivations. 

Equation (78), also Fig. 4c, demonstrate the much more pronounced 
influence of r on the concrete stress, which increases rapidly as the 
prestress ratio, r, is decreased. Over reinforced and underprestressed 
beams will therefore invite concrete compressive failures. In this case 
the ultimate moment capacity, designated by M, is determined from 
equations (75) and (77), 


M,. = bak (i-F)E. Le te ar ee Oe _. . (88) 
3/7 2 


In case of balanced reinforcement, equations (86) and (88) furnish the 
condition, 


a a ee ae ae Oe ede (89) 
therefore, 
p = : fe , or, k = opt es (90) 
2 fey f'. 


By substituting k from equation (90) in equation (82) then the bal- 
anced steel ratio becomes, 
p= 3 
ate + (1 — r,) Sry 
fil nf 
It should be pointed out that in the above expressions, the prestress 
ratio, ry, is 


(91) 


fee 
.- ee Qo 
a ed ib Oe b § ale «a Kian ee Oe 42 0 enaes (92) 
Say 
The special case, r, = 0, represents the familiar expression for a 


balanced stress condition in ordinary reinforced concrete beams. Assum- 
ing identical ultimate stresses, it is evident that prestressed beams can 
be designed to carry higher ultimate loads, since a higher steel ratio 
becomes a practical possibility. 


The previous comparison between prestressed and ordinary reinforced 
concrete beams does not include the problem of adequate bond and shear 
resistance, end anchorage, permissible width of cracks and _ relative 
deflections, ete. A detailed consideration of all these points will bring 
out the many theoretical advantages of prestressed concrete. 

‘ As suggested by Bertin”, and others, the most effective way of 
reducing the amount of reinforcing steel in flexural members consists in 
the use of high yield point bars in connection with higher working 
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stresses. Without prestress action, it seems that the upper limit is 
already reached at a steel stress of about 30,000 psi. This stress is only a 
fraction of the steel working stress generally used in prestressed members. 

The practical designer than is mainly confronted with economic 
considerations in most cases. 


9. ULTIMATE LOADS--GENERAL SOLUTION 


The ultimate stress condition in symmetrical, prestressed beams of 
any shape can generally be analyzed by means of graphical methods. In 
case Of simply reinforced sections, such as shown in Fig. 6, the axial 
force, identical with the effective prestress force, P,, at the beginning of 
the third loading stage, is combined with the ultitaate moment, M,,. 
The point of application, Ff, of the equivalent force then is located at 
the distance, ex, from the e.g.s. 


M. M,, 


eC mk’ keels (93) 
r; Asta 


Assuming a straight line stress condition, as shown on Fig. 6c, the ultimate 
concrete compressive force, C,, 1 


1S, 
C. = > AA = >I cd it MOI 5 ao meh bakes eS (94) 
¥ ; ° k d° 


If, Q’, designates the static moment of the effective area above the neutral 
axis, With respect to that axis, then, 


Q’ = zyAA 
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Fig. 6 (See also Table 3) 
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and, 

C, = i Va P, + T = Acfa + Arfa= Acfu-..-...- (95) 
The point of application of C,, is found from the condition, 

> fi AA y = >, eS Se ee ne ae (96) 


If I’ defines the moment of inertia of the effective section above the 
neutral axis, with respect to that axis, then also, from equation (95) and 
(96) with, 





'=Zzy AA 

Sos , Sew , ~ 

I es CG ccd ee de eed odes d i) 

ma” May” sai 

therefore, 

* id 

Oe ed neh PAG AN eg oie ode a Miuuew oe 0 ok 98) 

y Q’ (98) 

From equation (95) also, 
A, au ¥ 8 y y 
gees wee in (fs — f.) ————.........(00) 

Q’ n (1 — k) n (1 — k) 


or since, f../fu=T, 
NE (100) 
l-r 
With reference to Fig. 6 d, the conditional equation (100) may be 
solved by plotting Q’ as a function of kd. The intersection of the Q’ 
curve with the straight line, A C, designated by K then determines the 
location of the neutral axis. For a zero prestress, r = 0, the correspond- 
ing point is K,. It is now possible to compute J’ and y, equation (98). 
By definition, with reference to Fig. 7, 





ew cya 

fad o+® ee oe a es Hey bs (101) 
The moment equation gives, 

EE a ee era en re (102) 
therefore, 

M, 

Su = ca” ONES ET OR ee ae ne an (103) 
Since, 

RES RE ed (104) 


the concrete stress, f., can then be found by means of equation, (99). 


The ultimate stress condition in symmetrical, prestressed beams may 
also be determined by means of the graphical method described by 
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Fig. 7—Doubly reinforced section, determination of ultimate stresses by means of 
Spagenberg's method. 


Moersch"”, or the semi-graphical analysis suggested by Spangenberg®, 
The stress determination of the doubly reinforced section, shown on 
Fig. 8, is based on Spangenberg’s derivation, which is more direct and 
accurate for practical purposes. 

As a first step, the effective prestress forces, P.;, and P.2, are combined, 
by means of a force and funicular polygon. The resultant axial force, 
P,, together with the external moment, M,, are equivalent to the force, 
P,, applied at F, located by means of equation (93). 

With c designating a constant, the straight line stress assumption 
gives the following relation, 


ES i ok ocd oR aS och o8 dp eee ea eee (105) 
The moment equation, with respect to, F, 
ffenda We Ms cracls ery ee ea (106) 


By defining, 
Oe ERE os oc nk ee ee ea as Oe eee (107) 
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Fig. 8 (See also Table 7) 
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and substituting f. from equation (105) also, 
fy Se ne rey me eer i (108) 


For practical purposes the entire section is subdivided into elementary 
strips, with the areas, AA, including the transformed steel areas, n Ag. 
The elementary static moments then are, in general, for the concrete area, 


RCE rile oes. Woe Rb < 00s VR a eee (109) 
for the steel area, 
2 Ey ee San eee eek EO (110) 


The sign of 7 is positive, provided the elementary area and the point 
of application, F, are located on the same side of the neutral axis. 

Assume that the, values, w and w, represent parallel forces acting in a 
direction normal to axis of symmetry. Equation (108) then states that 
the resultant of all these imaginary forces coincides with the neutral axis. 

As shown on Fig. 8, the neutral axis is located by means of a force 
polygon and a corresponding funicular polygon. For this purpose the 


TABLE 7—APPLICATION OF SPANGENBERG'S SEMI-GRAPHICAL METHOD 
(FOR DIMENSIONS SEE FIG. 7) 








Elementary Area w = 
| —————] Sth | n n AA Sub 
Element AA, Total | in. in.® Total 
Number | Dimensions, in. | 
aettnsinatinas paschsarastatagindaieonts ‘ | aie 
= 1 nAn = 5x.75 3.75 | 32.5 122 
& 2 n Age = 5x .25 1.25 11.5 
DR - =o = 
| 2.4 136 
] 2x12 24 | 11 264 
2 2x 11.5 23 13 299 
3 2x8 16 15 240 
| 6 803 
x 5 —75 
> 4 2x5 10 17 170 
2 5 2x5 10 a 190 
5 6 2x5 ss eS = SA 
- 7 2x5 | 10 23 | 230 
8 2x5 10 25 250 
9 2x5 10 27 270 
10 15x65 | 7.4 29 216 
1] 2.5 x 16 ee 31 | 1230 
12 2x 16 | 32 33 | 1060 
zaA =| 207 | 63 | 2nAA =| 4765 864 


From equation (115) 

152 000 x 5.3 
Cracked tension zone: f» = 15.3 x 63 — 864 ~ 3100 psi 
152 000 x 15.7 


Full concrete area effective: fe = 25.7 x 207 — 4765 ~ 4300 psi. 


AE SEES LS 
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values, w and w,, are computed as shown on Table 7. The elementary 
concrete areas have numbers beginning on the side of F. The steel 
areas are numbered from the opposite direction. 

The third loading stage assumes a cracked tension zone. The effective 
concrete area, therefore also the values, w, are limited to the concrete 
compression zone. In this case the closing lines of the funicular polygon 
are represented by 1’, and 3. Their intersection at, K, locates the 
neutral axis. 

With reference to Fig. 8, 

a ey ba web eins (111) 
ea nk tiie SiG aie 6 ve 4jela wok 6 ap 4b 0b 0 0 #0 (112) 
From equilibrium conditions, and equation (105), 


= [fda 8 tel Spo aE ae ener 


Substituting c from equation (111), 


P, = fy dA = =f, OE ES re (114) 
Yi Yi 


The extreme concrete a stress becomes, 


Poy 


e Vt 
me ~ fra». YoX AA — Xn AA 


In case of a cracked tension zone, the integrals, or summations, are 
limited to the concrete compression zone, but they include the entire 
transformed steel area. Table 7 indicates a stress computation based 
on equation (115). 

The steel bending stress, f,.», is found from the relation, 


ja i-* US ROSS eee PCA sense CAO 
n k 
The ultimate steel stress, f,..1, becomes, 
AN Ee eee oe re a ek pee (117) 
In similar manner, 
EN ere a ae ee -.. (118) 


In case of truly monolithic action over the entire section, the summa- 
tions must be extended over the entire concrete area. In the example 
of Fig. 8, the new location of the neutral axis is then determined by the 
point of intersection, K’, of the closing lines, 1’ and 12. This case 
applies, for instance, to the stress determination of the first loading stage. 
For this purpose it will be necessary to assume a starting value for the 
effective prestress force, which will give an initial value for the eccen- 
tricity, e«, equation (93). The resulting stress distribution then will 





th 
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indicate the first correction for the effective prestress force. This pro- 
cedure is repeated until the corrections become negligible. 

For preliminary design purposes it will be preferable to approximate 
the ultimate stress conditions in symmetrical beams by means of an 
equivalent, rectangular section. For instance, consider the beam section, 


Fig. 7a, which is confined within a rectangular area, 8 in. x 24 in. = 192 
sq. in. Assume that the section is subjected to an ultimate moment, 
M,, = 1,777,000 in. lb., together with an effective prestress force, 
P, = A8 x 108,000 = 52,000 lb. 
From equation, (84), assuming a prestress ratio;r = .60, and with p = 
48/192 = .25/100, n = 5, np = 1.25/100, approximately, 
k = .24 


With d = 22.5 in., 
kd = .24x 22.5 = 5.4 in. 
From equation (76), 
Su = - RES Aes nb 179,000 psi. 
22.5 x .48 x .92 
which gives, 
fw = 179,000 — 108,000 = 71,000 psi. 
From equation (79), 


_ 71,000 x .24 


fo = = 4,500 psi. 


5 x .76 


108,000 
=-_ ——— = 6 
179,000 


which corresponds to the previously assumed value. 


It will be noted, that, r 


A more accurate stress determination, by means of Moersch’s graphical 
method, gives the values, shown on Fig., 7e. 
kd = 5.3 in. 
Sau = 177,000 psi 
fo = 69,000 psi 
pm = 4,250 psi 
lig. 7a, actually represents a section through test beam No. 47 (* p. 523) 
which was subjected to a test load, as given above. Under these conditions 
the bottom tension zone of the beam was cracked and the rapidly increas- 
ing deflections indicated the approach of the ultimate capacity. There were 
no indications of excessive “diagonal” tension. The steel yield point, as 
reported by the manufacturer, was about 188,000 psi. The concrete cyl- 
inder strength at the test age was, f’, = 5,200 psi. This limited experi- 
ence, also tests of prestressed beams reported by others, indicate that 
the proposed analysis will give a reasonable estimate of the critical stress 
conditions. 
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10. DESIGN OF UNIFORMLY STRESSED MEMBERS 


This subject has been treated elsewhere (p. 506) together with an 
example. 

The advantage of prestressed columns consists in the elimination of 
steel compressive stresses due to shrinkage and plastic flow. Any buck- 
ling tendencies in the longitudinal steel reinforcement are thereby ex- 
cluded. The effective participation of the entire concrete section, also 
the possibility of adding transverse compression by means of prestressed 
hoop reinforcement are adapted to improve the load capacity, perhaps 
also the fire resistance. The more economical prestress action will 
largely depend on the design assumptions regarding eccentric loadings, 
also the possibility of frame action. 


11. BEAM DESIGN 


As a rule the center depth of a beam is governed by the positive 
moment, relative deflection, clearance requirements, architectural and 
economic considerations, etc. The depth over the supports may depend 
on the accommodation of “shear” and negative moment requirements. 
Adequate fire and corrosion resistance determine a minimum concrete 
cover over the steel reinforcement, although the conditions in prestressed 
concrete are probably somewhat more favorable. 


The design must result in an adequate, ultimate factor of safety under 
all normal loads, also a reasonable assurance for the absence of cracks. 
The first objective determines the minimum concrete compressive 
strength and definitely limits the prestress ratio. 

The second objective requires the determination of the concrete 
flexural stress, produced by an excessive live load of, say, 50 percent. 
With reference to equation (66) and the expressions suggested by 
Schorer™ or Parsons“*®), the corresponding stress limitation may then be 


stated as follows, 


M dia 0.7 
Jamu = — S 2 J f. or, 3 3.6 (x) ee PER DY tet (119) 
Wel 


The ultimate load ratio, u,, for underreinforced beams, defines the 
relative moment capacity at the beginning and at the end of the third 
lodding stage. By designating the steel yield point stress with f,,, the 
corresponding ultimate moment with, M,,, and the moment correspond- 
ing tor = 1 with M,,, then, by definition, 


0 ESS So SG Wo ee (120) 


Muy _ ISny pubiten < oo Agel 
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In equation (120), J,’ and Q,’, define the moment of inertia and the 
static moment respectively of the concrete area above the c.g.s. axis, with 
respect to that axis. 


For instance, in case of the test beam, Fig. 7, with f,, = 188,000, 
a , 
i = .236,j = =e 165, js = nash .747, 
22.5 22.5 22.5 
188,000 (1 — .196 + .133) 


up = — = 2.16 
108,000 .747 


In case of a minimum factor of safety, u, = 2, the maximum permissible 
value of the prestress ratio is about ry = fx / fa = .62, corresponding to 
an effective steel prestress, f,, = 117,000 psi in the present case. 


k 


For rectangular beam sections, where k is obtained from equation, 
“ae See 2 
(84), andj = ; kLn= 3” then 


1a(-1 


Te eT OE er oe ers © (122) 
Sus 2 
For instance, assuming the rectangular beam dimensions, correspond- 
ing to the outline of Fig. 7, then, with ry = .57, and k = .23, 
88,0 < 9 
108,000 2 


For a minimum factor of safety, u, = 2, the effective steel stress could 
be increased to about 130,000 psi, corresponding approximately to, ry =.7. 
As a check, with k = .24, 

188,000 3X .92 


= - xX - = 2.0 
130,000 2 
From these examples and test results it appears that a prestress ratio, 
r, = .60, may be used for the preliminary design of under-reinforced 


beams. 


The above determination of the maximum effective steel stress enables 
the designer to find the effective prestress force, P,, at the beginning of 
the third loading stage. From equation (102) with k = 1, r = 1 and the 
total design moment, M,, 


P, = Asfu = ef Peas val ae ee baer age Cad (123) 
ji d 
The required steel area becomes, 
A, = WS eee Mee ue ME OT eR (124) 


yn d fu 
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In case of rectangular beams, where j; = 2/3, 
_ 3 M 

2d fre 

With reference to equation (120), the concrete area above the c.g.s. 
can also be analyzed by means of the dimensional ratios, equations (1) 
to (4) inclusive. By substituting h = d and referring the relative 
eccentricity, €,, to the c.g. of the effective section, then, also by designat- 
ing the respective shape ratio with C), 


hn = ES SE a eg (126) 
2Ci «4 

or, from equation (124), 

x 2M.C, 4 
Seed (1 + Ci &?) 
In case of efficient prestressed sections, such as the I-beam shown 

on Fig. 7, approximately, C,; = 2, e«, = 1, therefore, 








The following expression can be derived for the conditions at the end 
of the second loading stage, assuming that the resulting concrete stress at 
the bottom fiber (not at the c.g.s.) is zero. 

Paha 2M.C v1 
"fh (1 + Cen) 

It will be noted that equations (127) and (129) are almost identical. 
They establish the bridge between the second and third stage of loading. 
In general, equation (129) which is based on the full concrete section, 
will give a somewhat larger steel area. The ultimate factor of safety, 
as based on equation (121), is more conservative, since M,, 2 M:. 





FARE ESS nee ee ae (129) 


The section modulus of the transformed section, equation (62), is 
determined by the live load moment, M, in connection with equation 
(66). For preliminary purposes the section modulus of the plain concrete 
section can be substituted with good approximation, i.e., Sa. = Sz’. 


The corresponding concrete area, A,, of the plain section is about, 


, a ot de ph oleae AN EE Soin A ram (130) 





where, C and y;, are estimated from the assumed shape. 
The relative steel ratio of the plain concrete section, with reference to 
equations (127) or (129) and (130) becomes, 


p= RN We eds aye (131) 
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With reference to Fig. 2c, and Fig. 7b the transition from the second 
stage to the third loading stage indicates that the concrete stress at the 
c.g.s. fiber is either zero or relatively small. This means that the elastic 
steel stress component equation (13) has practically been regained. 
Under this condition, the effective steel stress, f,., can now be expressed 
by means of equation (29) by substituting n = 0, which gives, 

fo nt MSE SE idee oi ct, DA (132) 
l+mpk, 
therefore, the required original stress, f,., can be derived from the 
approximate condition, 


Soo = fe (lL + mpk.) — Ag — m = 


Cgte Chek aude .. - (183) 
or, also, with r, = —*, 
sy 
M 
F A, + m 
- S. ‘ 
— =r,(1+mpk,) — eT eee rk pt ae (134) 
Soy Sov 
As a rule the original prestress ratio, f,. / fry, is larger than the effective 


prestress ratio, r,, and must be kept within safe limits, say, f,. S = fey. 

2 
Based on the final assumptions, it will be advisable to check the steel 
stress for all three stages of loading. 


It will now be necessary to check the concrete fiber stresses. The 
ultimate concrete stress is given by equation (99). The stress at the 
beginning of the third loading stage, from equation (95), with k = 1, 
and the total design moment, M,, becomes, 

M nies 
Sew = a _ So Fed © 60 6166 46.8 0 2 © t 6.4 6.6 6.0 eh 628 oe 6S es 6.5 Oe Oe (135) 
Ji Q) 
or, with reference to equation (120), 
dM ‘ 
Pilg WO Ree gels * 5s $5 <anic ny bo Neks ba CN ee Ee (136) 
I 


where J,’ again designates the moment of inertia of the concrete area 
above the c.g.s. fiber, with respect to that fiber. By developing the 
above expression, similar to equation (127) also, 

re 2M, 

" he Se te 


At the end of the second loading stage, where the bottom fiber stress 
(not the c.g.s. concrete stress) is assumed to be zero, the top fiber stress, 
fo maz, derived from the full concrete section, becomes, 








fee ER Ye 
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2M, 


I. maz = a ae 
: Sa (1 + Cen) 1 


The concrete working stress, as determined by the closely related 
expressions (137) or (138), must not exceed safe limits, say, .30 to .40 f”,. 


The concrete fiber stresses may also assume critical values during 
the first loading stage, i.e., before shrinkage and plastic flow have re- 
duced the steel prestress. In this case the effective steel stress, desig- 
nated by f.a is determined from equation (20) with A, = 0, and M = 0, 
therefore, 


fia = So + n (feemo + f. N,) 


NE See: 
l+npk, 


The corresponding concrete fiber stresses, f.,a and faa, from equations 
(26) and (27) are, 

2 ES ee (140) 

faa = ka pfaa + frame + Seno ...... 002000: a (141) 


In case the temporary stress, f..a, should indicate excessive tension, 
then it may become necessary to add top reinforcement, or to provide 
counteracting loads during the initial stage of construction. The same 
result may be obtained by means of only a partial release of the prestress 
force. 


12. EXAMPLE 


Consider a simply supported, rectangular beam or slab carrying a 


live load of 200 Ib. per sq. ft. on a 36 ft. span. The estimated dead load 


is equal to the live load and the design is to be based on balanced rein- 
forcement, with f,, = 200,000 psi., f.. = 120,000 psi., f’. = 6,000 psi., 
n = 5, and an ultimate factor of safety of about 2.5. From equation 
(91) with fy, /f’, = 33.3andr, = 60, 


p = = 41 / 100 


2 x 33.3 I 4. AO x 82) 


” 
From equation (84), or Fig. 5, with n p = 2.05 / 100, k .274, the 
center moments are, 

200 x 36? 


M, = - = $2,400 ft. lb. per ft. = in. lb. per in. 
M =M, = $2,400 ft. lb. per ft. = in. lb. per in, 
M, = M, + M = 64,800 ft. Ib. per ft. = in. lb. per in. 
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From equation (88), 
re 2M, _ «2x 2.5 x 64 800 


, ‘ ae Oy ; 
bk ( ‘ ‘) fi 1 x .274 x .909 x 6000 


‘ _ 


therefore, 
d 14.75 in. 
and, 
14.75 x 12 x 4] :, : 
A, = ae os .725 in® per ft. 


100 
Assuming a total depth, 
h = 14.75 + 1.25 16 in. 
then, the section properties, based on a 12 in. width, become as shown on 
Table &. 
The concrete stress, due to dead load, at the e.g.s. fiber, is, 
Frome = 32400 X12 649 pei 
607 

From equation (133), assuming, m 10 and A, = — 10,000 psi., as 
estimated from the relation given by Parsons,“* the required original 
steel stress is, 

Tee 120,000 (1 + 10 x .0088 x 3.21) + 10,000 — 10 x 640 = 138,000 
Upon completion of all the volume changes, the steel stress, f,, corres- 
ponding to tne first loading stage, from equation (20), 

f 128,000 + 15 x 640 

"1 + 15 x .0038 x 3.21 
From equation (6), 

for = 00378 x 116,300 = 440 psi. 
The fiber stresses for the first and second loading stage are shown on 
Table 9. 
From equation (139), the initial load fiber stresses, which occur immedi- 
ately upon release of the prestress force, are about zero and 1,000 psi, at the 
top and bottom fiber respectively. The relatively large dead load moment 
therefore counteracts critical values at the center of the span. Table 9 
indicates that the fiber stresses may become excessive toward the sup- 
ports, unless the relative eccentricity, ¢, is reduced, if not entirely 
eliminated. 


116,300 psi. 


In case of straight reinforcement, this support condition requires 
either a haunched construction, as suggested by Rosov™, or a somewhat 
curved beam, similar to a very flat arch. In case of straight beams, the 
same result may also be accomplished by means of bent-up reinforcing 
units. Either method is adapted to reduce the “diagonal tension” near 
the supports. 
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TABLE 9—FIBER STRESSES, PSI., RECTANGULAR SECTION, DESIGN EXAMPLE 


(1) (2) | (3) | (4) | (5) = 


Location Rare ae ee eet ee ee ee 
M; 

Top | 668 | +759 | + 91 | +740 | +831 

c.g.c. +440 | 0 | +440 | | 

n. a. | 0 | 

C.g.8. 1412 | —640 | +772 | — 605 | +167 

c.g.s (steel) | (116 300) | (+ 3 000) | (119 300) 

bottom | +1550 | —759 | +791 | —732 | + 59 


a eee ' 


Table 9 indicates that the beam or slab will have a negative deflec- 
tion until the live load exceeds about 100 lb. per sq. ft. The relative 
deflection, caused by the full live load, can be estimated from the follow- 
ing expression, 

s « $2 P 

L 384/7£,. 
where W designates the total, uniformly distributed live load. Based 
on a width, b = 1 in, the present example gives, with E, = 5,700,000 psi. 

f_ 5x600x 36x12)? 1 

L 384 x 354 x 5,700,000 1390 
The total live load deflection is relatively small (f = 5/16 in.) in spite of 
the comparatively shallow depth of the slab (1/27). The compression of 
the bottom fiber improves the resistance to concentrated wheel loads, 
especially if a prestress action is introduced also in a normal direction. 

The same slab, designed as a simply reinforced, ordinary concrete beam, 
f, = 20,000 psi, f. = 1000 psi, and n = 12, would require a minimum 
total depth of about 32 inches and a steel area of 3.64 sq. in. per ft. The 
comparative dead load ratio therefore is 2:1, the depth ratio 2:1, and the 
steel ratio 5:1. Of course, this does not mean that the savings in cost 
would be proportional. 


13. CONCLUSIONS 
1) The analytical expressions are simplified by the introduction of 


typical ratios, such as the fiber stress ratios, k, the prestress ratio, r, 
and the shape ratio, C. 


2) The ultimate load capacity of prestressed beams is a function of 
the prestress ratio, which defines the relative magnitude of the effective 
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steel prestress, compared to the total ultimate steel stress. A relatively 
small prestress ratio produces a comparativeiy high concrete compressive 
stress. A relatively large prestress ratio results in a comparatively high 
steel tensile stress. This explains the fact that under-prestressed beams 
generally indicate concrete compressive failures, whereas over-pre- 
stressed beams produce steel tension failures. 

3) The design of prestressed beams can be based on a balanced load 
condition, similar to the theory of ordinary reinforced concrete beams. 
The latter actually represents the special case of a zero prestress ratio. 

4) The probable error in estimating the steel stress loss will mainly 
influence the crack load and, to a much lesser extent the ultimate load 
capacity. 

5) Future research on volume changes of concrete should include 
dimensional variations, age at loading, “Ordinary” and “High Early” 
portland cement, ete. 


Appreciation is expressed to Messrs. E. J. Critzas and Ernest Pichel for 
many valuable suggestions. 
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10—“‘High Stressed Wire in Concrete Tanks,”’ by J. M. Crom, Engineering-News 
Record, Dec. 30, 1943, p. 51. 

11—‘‘Neues Bauen in Kisenbeton,” Deutscher Beton-Verein, Berlin, 1938, pp. 18 and 
2A. 

12—“High Strength Reinforced Concrete Columns Developed,”’ by George A. Maney, 
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13—“‘Electric Prestressing cf Reinforcing Steel,” by Karl P. Billner and Roy W. 
Carlson, ACI Journa., June 1948, Proceedings V. 39, p. 585. 

14—“Fully and Partly Prestressed Reinforced Concrete,’’ by Paul William Abeles, 
ACI Journat, Jan. 1945, Proceedings, V. 42, p. 181. 

15—“The Solution of Simultaneous Linear Equations by an Approximation Method,” 
by L. T. Wright, Bulletin No. 31, Cornell University Engineering Experiment Station, 
April 1943, 

16——‘‘Saving Steel in Reinforced Concrete Design,” R. L. Bertin, ACI Journat, Feb. 
1942, Proceedings, V. 38, p. 281. 

17—“Der Eisenbetonbau,’”’ E. Mérsch, V. 1, first half, (5th edition, published by 
Konrad Wittwer, Stuttgart 1920). 

18—Discussion of, (3), by Douglas Ek. Parsons, ACI JourNnat (Supplement), Nov. 
1943, Proceedings, V. 39, p. 528-1. 

19-—-“Graphische Bestimmung der Normalspannungen . . .”’, by H. Spangenberg, 
Der Bauingenieur, 1925, p. 366. 


ERRATA 


page 57, the beginning of equation (19a) should be: f, = f,, instead of Fy = Fao 


page 60, the first sentence of the last paragraph should be: The reciprocal action of P, 
and /,, is expressed by two simultaneous equations for the effective steel 


stresses f,,, and fy» 
page 62, Table 4, the middle line of column 5 should be: r? = 66.6 
page 67, in the 12th line: f, should be fa 
page 67 
Fig. 4—{a) Rectangular section; (b) third stage; (c) extreme stress conditions. 
; kK\ f' 
page 70, equation (88) should be: M, = bat § 1 3 a 
page 71 
Fig. 6—{a) Simply reinforced section; (b) initial stress condition, third stage; (c) ultimate 


stresses, third stage; (d) determination of neutral axis. (See also Table 3 


page 74 
Fig. 8—Test beam section, ultimate stresses. (See also Table 7) 


page 75, Table 7, second line of caption should be: (....See Fig. 8) 
Table 7, heading of 3rd column should be: AA sq. in 


2C ¥1 Set 


page 80, equation (130) should be: A, = 
t 
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Discussion of a paper by Herman Schorer: 


Analysis and Design of Elementary Prestressed 
Concrete Members* 


By L. COFF, PAUL WILLIAM ABELES and AUTHOR 
By L. COFFT 


The article of Mr. Schorer, which is a valuable contribution to our 
knowledge of the design of prestressed concrete structures, is obviously 
based on a wire quality as used by Hoyerf. This wire, as described by 
Mr. Schorer, in his paper, “Prestressed Concrete, Design Principles and 
Reinforcing Units’”’,§ is drawn, lead patented steel wire, with a tensile 
strength of about 340,000 to 380,000 psi and a yield point of 85-90 per- 
cent. The reported steel prestress varies between 170,000 to 250,000 psi. 
The diameter used by Hoyer is less than 14 in. while Mr. Schorer used 
in his tests high carbon wire iv diameter of about .08 to .11 in. with a 
minimum yield point of about 180,000 to 210,000 psi. 


The first question would be the definition of the yield point for cold 
worked steel, which is purely conventional and highly controversial. 
Generally, by international convention, steels which have no definite 
yield point, i.e., a stress strain diagram without pronounced jump, are 
supposed to reach the yield point at a permanent set of .2 percent of the 
length. There again, in the wire industry a permanent set of .1 percent 
is often termed the yield point. This conventional definition either way, 
is absolutely unrelated to the use of such material in concrete, and there- 
by not well applicable. 

Another point is the curvature of the stress strain diagram, ‘.e. the 
plastic flow of wire, when we are getting to higher diameters of bars. In 
the discussion** of the paper by Paul William Abeles, “Fully and Partly 
Prestressed Reinforced Concrete’’,® the writer made the following remarks 
which applied generally: 

*ACI JourNAL, Sept. 1946, Proc. V. 43, p. 49. 

Dias siallociteebania nabtiesd ly Otto Elsner, Verlagsgesellschaft, Berlin, 1939, p. 108. 

§ACI Journat, June 1943, Proc. V. 39, p. 493. 


**ACI JournNAL, Supplement, Nov. 1945, Proc. V. 41, p. 216-4. 
®ACI Journat, Jan. 1945, Proc. V. 41, p. 181. 
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‘As already mentioned, prestressing, whether fully or partly, points 
to the use of drawn wire. In this connection, the creep of wire under 
sustained load should not be overlooked. Freyssinet, as well as Hoyer, 
dealt with it. Within the true proportional limit, wire, cold drawn to a 
specified tensile strength, is a perfectly stable material, as shown by 
creep tests over a period of nine years by the John A. Roebling’s Sons 
Co.{ The original proportional limit can be raised considerably through 
proper cold working. Hoyer mentions 85 percent of the ultimate 
strength as the proportional limit of the wire he uses. His tests, ‘sup- 
porting this percentage, cover too short a test period to be conclusive. 
In the absence of standard specifications for prestressing wire, the 
characteristics of the material should be studied carefully in every 
case.”’ 

Practically simultaneously, the distinguished pioneer of prestressed 
concrete in Europe, Professor Magnel of the University of Gheat, pub- 
lished in then occupiéd Belgium an article in the Review, Science & 
Technique No. 2, 1945, entitled “The Flow of Steel and its Importance 
in Prestressed Concrete.’’ In this article, tests are published analyzing 
the behavior of several kinds of (5 millimeter diam.) wire under con- 
stant load and with fixed ends. These two cases are not identical, be- 
cause in the second, the flow of the wire reduces the stress. Professor 
Magnel concludes that the flow of the wire is much more important than 
the flow of the concrete in the absence of special precautions when stressing 
the wires. Cold working of the wires by over-stressing is recommended 
before fixing the wires in their final position. Even so, the effect of the 
flow of the wire adds about 50 percent to the effect of the plastic flow of 
the concrete, according to Professor Magnel. 

It is very likely that the residual flow of wire in time under sustained 
prestress should be negligible. This whole subject, which the writer had 
to study when attempting to set up a wire specification for prestressing, 
is too far reaching to be dealt with within a discussion. It surely deserves 
the utmost attention of designers. 

However, one point should be mentioned now concerning the great 
misgivings raised by outstanding wire experts against the use of tem- 
pered spring wire, for prestressed concrete on account of the danger of 
nicking. The case of the Ambassador Suspension Bridge in Detroit, and 
Mt Hope Bridge in Rhode Island (for which bridges tempered wire was 
specified for the cables) is still alive. These cables had to be replaced 
with cold drawn wire cables due to premature failure of the tempered 
wire. 

It is known that tempered spring wire is microscopically inspected by 
the manufacturer piece by piece, scratched pieces eliminated, and the 
sound ones carefully packed for delivery. Fancy having to do that fora 


+Data available to Mr. Coff, courtesy of John A. Roebling’s Sons Co. 
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building job with all the rough handling implied in transit and on the site. 
It seems that the safer way at this stage, is to use cold drawn instead of 
tempered wire, and to allow for the imperfect elasticity of this material. 
The variation of stress of the wire after prestressing is so small, as shown 
by Mr. Schorer, that it should not be difficult to overcome shortcomings 
in the elastic behavior of such wire. 


By PAUL WILLIAM ABELES* 


In Schorer’s interesting paper new valuable ideas are introduced, such 
as the dimensional ratios. While the writer appreciates the author’s 
efforts, there are some statements, formulas and figures in the contents 
of the paper open to dispute and criticism. 

The following contribution is divided into two parts, the first relating 
to the paper in general and the second dealing with the author’s assump- 
tions regarding the ultimate loading stage in particular. 


PART | 


In general, it may be stated that the author’s paper contains a great 
number of formulas which appear rather complicated, especially in view 
of the lengthy notation containing suffixes up to 4 letters. In the writer’s 
view it would be important to simplify both calculation and notation. 
Simplification of analysis and design appears to be especially essential if 
only ‘‘Elementary Prestressed Concrete Members” are investigated. 
The following particular points are raised: 

1) The loss due to elastic deformation of the concrete, according to 
Fig. 2 at transfer of the tensioning force to the concrete, is A, = n (freer 
—A,; — A,), As: being the loss due to shrinkage occurring between casting 
and transfer. Obviously, f.ee — As: — A, is greater than f..p — A, — A, 
— A, , which value is taken into account in the paper. Since other de- 
rivations are made with minute exactness, the expression A, ought to be 
exact. 

2) On one hand, the influence of plastic flow A, upon the effective pre- 
stress f, is exactly determined in eq. (20) for simply reinforced beams and 
in eq. (48) (44) for doubly reinforced sections. On the other hand, this 
influence is neglected as far as external loading is concerned. However, 
bending under live load will cause different stresses from those at transfer 
in the fibre or fibres of reinforcement. The live load will therefore be of 
influence upon the loss, due to plastic flow, in dependence of its duration. 
It is not possible to compute the values of the losses A,, A, and A, exactly, 
since they depend on n, m and E, each varying with a concrete of dif- 
ferent quality. It seems therefore to be more suitable to approximate 


*Chartered Structural Engineer, London, England. 
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the sum of losses, as already done previously by the author in®* and by 
the writer in“, In this sum of losses, the influence of plastic flow 
(creep), due to live load, also has to be taken into account. 


3) A loss of 15,000 psi for shrinkage alone appears to be rather large 
when considering the high qualities of concrete as employed for pre- 
stressed reinforced concrete. For example, in the British Standard Spec. 
for Concrete Railway Sleepers (Ties), shrinkage is limited to 300 « 10-6 
per unit length corresponding to a loss of 7,500 to 10,000 psi. 

4) The counter-action by the bending moment, due to dead weight, 
M.,, taken into account in the formulas, occurs only for structures built 
in place. Precast reinforced concrete members, however, may be trans- 
ported in any position and, therefore, should be designed in such a way 
that the maximum stresses at transfer of the tensioning force are not in 
excess Of the stress permissible for such high strength concrete, without 
taking into account the counter-action due to dead weight. 

5) The paper relates to pre-stretched reinforcement only and not to 
“post stretching’””, in which latter case there is no loss A,, since the 
shortening of the concrete is taken into account at tensioning. More- 
over, only a part of the losses due to shrinkage occurs i.e., Ayz = Ay — Ay, 
a considerable part of shrinkage having already taken place before the 
pre-compression is applied to the concrete. 


From points 4) and 5) it would appear that the paper is limited to pre- 
stressed reinforced concrete cast in place and having a pre-stretched 
reinforcement, the pre-compression being transmitted by bond on release 
of the stretching force upon the concrete. 


6) No reference is made to plastic flow of steel, on which two quite re- 
cent publications are available?” t and@», 

7) Mr. Schorer’s formulas agree, in principle, with all but one theory 
of prestressed reinforced concrete. In the recent Swiss book®@” an en- 
tirely different method of analysis and design is presented. According 
to this, it is not the reduction of the stretching force which is taken into 
account but the deformation of the concrete, &, and that of the steel, &,, 


in accordance with the general equation f, = v }- ve t..K.. Itis stated 
4 , 

that the usual method is only an approximation and claimed that the new 
(but more complicated) method gives correct results. However, also with 
this method, certain rather vague assumptions about plastic flow, shrink- 
age, modulus of elasticity, etc., have to be made, It is therefore doubt- 
ful whether it would be necessary for the usual method, represented in 
the author’s paper, to be adjusted to the new Swiss derivations, 


*Numbers refer to references at end of original paper. 
tNumbers 20 and above refer to references at end of discussion, 
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PART 2 


The writer’s main objection relates to the chapters dealing with the 
ultimate load (especially to Fig. 4 in Chapter 8) and to the author’s 
statement on p. 49, ‘The straight line stress relation seems to be justified 
for all normal loading and for practical purposes also in case of ultimate 
loads.”’ 

1) Taking a simply reinforced beam according to Fig. 4, it can be 
stated that pre-compression cannot be transmitted to the concrete in a 
crack, as long as it is open. The writer fully agrees with the author’s 
statement on p. 67, “Of course, the assumption of a cracked tension zone 
does not eliminate the action of prestressed steel reinforcement,” and 
appreciates the author’s basic equilibrium condition, eq.(74). However, 
the objection relates to the use of a triangular stress distribution shown 
in Fig. 4, which corresponds to a cracked section in ordinary reinforced 
concrete, being appropriate only at a loading stage long before failure 
occurs. At failure a plastic stress distribution corresponds to the actual 
behavior approaching failure, as is known from many investigations. 

2) Not only Hoyer™ stated that the ultimate load is independent of the 
prestress, but this is borne out from all existing tests and publications, 
referring to the ultimate load. Thus in the recent Swiss text book, 
mentioned before,@” it is stated as follows (in English translation): “The 
ultimate moment is computed by the usual theory of reinforced con- 
crete according to stage 4, taking into account the appropriate strength 
values. Also the well known n-free method (based on equilibrium in the 
section) can be employed for the calculation of the ultimate moment.” 
The stress distribution stage 4 according to Swiss custom is based on a 
parabolic distribution of the concrete stresses including n. There is only 
a slight difference, when compared with the plastic methods. 


The statement in the Swiss book is based on tests on various prestressed 
reinforced concrete beams, whereby the wires of 4 different types of 
beams fractured, the theoretical steel stress at failure being in excess of 
the ultimate strength of the wire by between 7 and 30 percent. Recent 
tests on used and unused prestressed reinforced concrete sleepers (ties), 
carried out by the London and North Eastern Railway Co. in London,@® 
have shown similar results with regard to the theoretical steel stresses 
at failure, being in excess of the ultimate strength of the wire reinforce- 
ment. 


3) As mentioned before, a stress distribution corresponding to a stage 
approaching failure ought to confirm with the actual plastic behavior of 
the concrete. Whitney has introduced a rectangular stress distribu- 
tion of 0.85 f’., resulting in the same compressive force and center of 
gravity as the actual curved stress distribution, and Cox®® has replaced 
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0.85 f’ . by f’ ., which distribution is used in the following consideration. 


(Fig. A). 
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Assuming the effective tensioning force P, acts as longitudinal force to- 
gether with M,, externally, equilibrium is attained by C, and the addi- 
tional force 7 (Fig. B), this being entirely in accordance with eq. (74). 
The main difference is that f is not related to fy, but equal to f’,, that 
C,, = bkdf’, and j | “4 This proves that the same ultimate stress 

2 
distribution occurs whether the section is prestressed or not. Conse- 
quently prestressing can be ignored at failure, as assumed before and 
proved by Fig. B in conjunction with Fig. A. This question is discussed 
more in detail in the writer’s report®”, 

1) In the event of doubly reinforced beams, however, the pre-com- 
pression in the compressive zone, where cracks cannot occur, is not in- 
terrupted and has to be taken into account. Consequently, not the 
entire cylinder strength f’,, but f’, fer has to be considered, when 


computing C,,. 
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5) Since according to 3), a triangular stress distribution is not app.i- 
cable to ultimate loading, Fig. 5 and all the eq. (76) to (118) are un- 
suitable for prestressed reinforced concrete. This relates especially to the 
influence of the prestress ratio r upon the ultimate load and to con- 
clusion No, 2. 

6) However, the prestress ratio 7 is, to a certain extent, of influence 
upon the ultimate load, but this cannot be derived from formulas in 
which the cooperation of the concrete tensile zone between fine cracks is 
neglected. An increase of the ultimate load by increased prestress ratio is 
effected mainly by reduction of cracking, the destruction of bond between 
wire and concrete thus being reduced and the concrete tensile zone be- 
coming more efficient. 


AUTHOR'S CLOSURE 


Mr. Coff’s interesting contribution stresses the importance of creep of 
steel wire. It is well known that the creep of metals, at elevated tem- 
peratures becomes a limiting factor, for instance, in the design of steam 
and gas turbines. The creep at normal temperatures becomes important 
in case of precision instruments, such as scales and watches. 

Ritter and Lardy report®!:?)"® that the creep of steel wire prac- 
tically ceases during cold weather. The tests reported by Ritter and 
Lardy are similar to those of Professor Magnel, referred to by Mr. Coff. 
It is interesting to note that deformed wire, having a diameter of .157 in. 
and a tensile strength of about 256,000 psi was used for this purpose. 
The initial steel stress of about 180,000 psi corresponds to approximately 
78 percent of the commercial yield point stress. The initial deformation 
increased about 12 percent in case of a constant stress, whereas a constant 
length resulted in a steel stress loss of about 2 percent. The results are 
not directly comparable, since the temperature and the period of ob- 
servation were not identical in both cases, 

In case of prestressed concrete, the influence of shrinkage and plastic 
flow of the concrete reduces the wire length, thereby producing a further 
reduction in the final creep of the steel reinforcement. The steel creep 
may be reduced to negligible proportions by subjecting the wire to a 
sustained stress condition prior to embedding in concrete. Evidently, 
the effective amount of wire creep depends to a large extent on the pre- 
stress méthod. Sueh steel stress losses may be included in the analysis, 
for instance, by means of the method of successive approximations. 

The writer does not advocate any particular type of wire. Both tem- 
pered and cold drawn wire have been used in prestressed concrete con- 
struction, Regarding the influence of surface conditions, the following 
quotation from “The Main Spring,” April 1947 (published by the Divi- 
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sions of Associated Spring Corporation) may be of interest, with ref - 
erence to ordinary spring wire: ‘Since it is a low-priced material it does 
not have as good surface nor is it made of as good quality steel, as oil 
tempered wire, but for springs which are not subjected to fatigue condi- 
tions (millions of repetition’ of stress at considerable speed) nor to high 
stress, it provides satisfactory life.’ 

Mr. Abeles points out the importance of simplified notations and ex- 
pressions. However, Mr. Abeles rejects all the eq. (76) to (118) as un- 
suitable for prestressed concrete, because they are based on the simpli- 
fying assumption of a straight line stress relation. Mr. Abeles suggests 
that the stress distribution for ultimate loads be based on the so-called 
“plastic behavior’ of the concrete. The latter represents a non-linear 
relation between stress and strain and should not be confused with plastic 
flow. 

The introduction of a non-linear stress-strain relations would be more 
justified in case of ordinary reinforced concrete beams. The correspond- 
ing attempts have not been widely accepted and the application to pre- 
stressed concrete beams would certainly lead to needless confusion. In 
view of the extremely doubtful practical advantages, it would seem 
difficult to support Mr. Abeles’ suggestion. 

Mr. Abeles claims that all existing tests and publications indicate that 
the ultimate load is independent of the prestress. He therefore suggests 
to neglect this axial load in the ult*'mate design. Ritter and Lardy,(2» ?- 4 
referred to by Mr. Abeles, actually assume that the prestress action is 
eliminated after the appearance of cracks. In contrast, Oppermann ) ?- 149 
and Moersch® conclude that the prestress force fully acts after cracking 
of the concrete, based on the observations made on the Dresden and 
Frankfurt test girders. Mr. Abeles fully agrees with the identical as- 
sumption made by the author, although he also supports the contradictory 
statement by Ritter and Lardy. 

Mr. Abeles’ sweeping assertion regarding the ultimate load is contra- 
dicted by the reported Swiss test results.?” p. 73, beams IV, V and VI. 

The test results of the Dresden and Frankfurt girder clearly indicate 
that the ultimate loads may vary, even in case of identical prestress action. 
The Frankfurt girder failed due to excessive steel stresses, after having 

‘reached a load about 17 percent higher than the Dresden girder. The 
latter failed at a lower load due to crushing of the concrete. 

Since all axial loads will influence both the steel stresses and the con- 
crete stresses respectively it appears that a reliable prediction of the 
type of failure can hardly exclude the consideration of prestress forces. 

Mr. Abeles concludes that the paper is limited to monolithic, cast in 
place structures, where the wire is embedded under stress. As pointed 
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out by the writer (p. 53), the elementary design principles should be 
applicable to all types of structures, independent of prestress methods and 
load transfer. For instance, in case of “post-stretching,” this can be 
done by substituting, A, = 0, also a reduced value for, Ag. 

The complete and permanent destruction of bond, in case of “slip- 
rods,”’ is equivalent to the application of an external, rather than an 
internal axial force. This loading case has been amply treated by others 
in the theory of ordinary reinforced concrete. 

As already pointed out by the writer (p. 53), simplifications of the 
analytical expressions are possible under special conditions. The method 
of successive approximations permits a comparatively simple treatment 
of most load combinations. 

Mr. Abeles will find that the subject of plastic flow due to live loads 
has already been discussed by the writer (p. 52). 
Mr. Abeles suggests a reduction of the steel stress loss due to shrinkage. 
It should be pointed out that the humidity conditions in the British 
Isles are not necessarily identical with those encountered elsewhere. 
A more reliable shrinkage estimate may be obtained by using the ex- 

pression suggested by Parsons"® ?- 528-8), 

The influence of the steel creep has already been discussed in reply to 

Mr. Coff’s contribution. 
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Job Problems and Practice 


In JPP many Members may participate in few pages. So, if you have 
a question, ask it. If an answer is of likely general interest, it will be 
briefed here (with authorship credit unless the contributor prefers not). 
But don't wait for a question. If you know of a concrete problem solved 
—in field, laboratory, factory, or office—or if you are moved to con- 
structive comment or criticism, obey the impulse; jot it down for JPP. 
Remember these pages are for informal and sometimes tentative frag- 
ments—not the ‘‘copper-riveted’’ conclusiveness of formal treatises. 
“Answers to questions do not carry ACI authority; they represent the 
efforts of Members to add their bits to the sum of ACI Member knowledge 
of concrete “know-how.” 


The Design of Rectangular Tied Columns Subject to Bending (43-176) 
By G. H. DELL* 


A simple and direct approach to the design of rectangular columns 
subject to bending about one axis is afforded by means of a priori assump- 
tions as to the depth d, and the percentage and allocation of steel. 

Let the steel in the outer rows (marked a in Fig. 1 and 2) be called the 
“outer’”’ steel and the remaining bars, the “‘inner’’ steel. It will be noted 
that for an average strip of unit width (Fig. 1) which is assumed to con- 
tain its proportional share of reinforcement, the relation between the 
outer and the inner steel will be the same as for the full cross-section 
(Fig. 2), and that the capacities of the two sections are directly propor- 
tional to their widths. 

For the design of columns on'the basis of the ‘“‘uncracked section”’ 
theory? a suggested procedure is as follows: 

a. Assume the depth d, the percentage of vertical reinforcement p, and 
the relative amounts of outer and inner steel; also the spacing of steel! in 
the direction of the plane of bending. 

b. Calculate the area and moment of inertia of the transformed section, 
Ary and I 7, respectively, for an average strip of unit width. 

c. Calculate the permissible load P’ on the strip of unit width. 

d. Determine the required width from the relation b = total load P, 
and select the steel. P’ 

*Amistant Professor of Civil Engineering, University of Ilinois, Urbana, Til. 


tPar. 1109 of the ACI “Building Regulations for Reinforced Concrete” permits the use of the uncracked 
section theory in all cases where the eccentricity ¢ does not exceed the depth d. 


(89) 
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Example. Given: P = 400 kips, M = 100 ft. kips, p = 0.01, n = 15, 
f’. = 2000 psi, f, = 16,000 psi. Design a rectangular tied column in 
accordance with the ACI and Joint Committee codes. 

Solution. (a) Let d = 36 in. and assume that % of the steel will be 
placed in the outer rows, °4 in the interior, spaced 7% in. in the direction 
of the plane of bending (see Fig. 1). Then, for an average strip | in. 
wide, A,=0.01 (36) =0.36 sq. in., and (n— 1) A,=14(0.36) =5.04 sq. in. 
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(b). Caleulation of Ar and Ir. 
A 7(in.?) T r(in.*) 


Concrete 36.00 3888 
Steel, rows a 3.15 708 
Steel, rows b 1.26 71 
Steel, row e 0.63 0 

41.04 4667 


(ce). In accordance with par. 1110 of the ACI “Building Regulations 
for Reinforced Concrete,” 1941, or par. 861 of the Joint Committee 
Report of June, 1940, 


‘= __ Sa mee , where f, = 0.8 0.225 J". = Sp and C fa 
l Cec 1+ (n — Il)p 0.45 f’, 
Ar Ir 
In the example, fa = 0.8 poe: A a 428 psi, C = - 0.476, 
1.14 900 
e= a = 3in., andc = 18 in.; 
400 

whence P’ = —— Loe ——+—— = 14,330 lb. 


4 0.476x3x18 
41.04 4667 





1e 





JOB PROBLEMS AND PRACTICE 91 


(d). b = Te 28 in. A, = 0.01x36x28 = 10.08 sq. in 


Outer steel: (10.08) K 5 = 6.30 sq. in.;8 Lin. @ = 6.32 sq. in 

Inner steel: (10.08) X %& = 3.78 sq. in.;4 Win. dand21in.¢ = 3.98 
sq. in. (see Fig. 2). 

* is the case in the design of beams, a slight deviation from the 
theoretical steel area is frequently necessary; thus, in the preceding 
example, the theoretical area for each of the three inner rows of steel was 
1.26 sq. in. 


Reinforced Concrete Crane Girder Supported on Brick Pedestal (43-177) 
By D. R. CERVIN* 
Q—To avoid spalling of the corner of a brick pedestal supporting a 
reinforced concrete crane girder, the section shown in Fig. 1 is being used: 


@ Wheel Load =/7Kips co Crane Rail : Wheel Load 
( 1 ae ib 








= ¥ A, perimeter X U 
ee ve: i 17,000 
a As 4X 1X 4X 0.055 X 2500— 








7.7 in. Say 8.0 in. 











Y Concrete Cap The following questions have 
——, . . . 
2 Brick Pedesta/ been raised with divergent answers 
4 obtained in this office. 
. 1. Are the 4 one inch square bars ade- 
Fig. 1. 


quate, both from point of view of theory 

and ACI Code, and that represented by good practice, or should hooks and/or additional 
length be added to the bars? The suggested arrangement assumes, of course, that 
bearing at the ends of the bars does not enter into the calculations since the entire load 
is supported by the compressive bond strength in both the beam and the pedestal. 
Those who contend that the illustrated arrangement is adequate freely admit that 
hooks can be added at a negligible cost. They point out, however, that too much of 
this is already done, usually attributed to a “factor of ignorance.”’ 

2. If the above arrangement is satisfactory, would the detail be improved by arrang- 
ing the bars in an X-shape? 

3. To prevent spalling can a better detail be suggested? 


By A. J. BOASET 
A—I am not sure whether the 17 kips is the total reaction at the pier or 
not. It seems to me that in computing the length of the rod that the 
total reaction should be used rather than the wheel load. Also, I assume 
that there is no uplift at any point where this detail is to be used. 
I believe I would prefer the bars placed according to Fig. 2, that is, 
crossed. Further, I would put in loop ties as shown of at least 4-in. 


*Construction Engineer, Nat. Adv. Comm for Aeronautics, Construction Office, Langley Field, Va. 
?tManager Structural Bureau, Portland Cement Assn., Chicago, Il. 
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diameter on 3- or 4-in. centers for two reasons: (1) the bond on the’ 


dowels would be more positive and greater in amount (2) splitting of the 
concrete would be prevented. 


Whee! load=!7 kips 
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I do not believe that hooks are necessary if enough length of straight 
bar is used to develop the reaction by bond. My preference for the bars 
crossed is due to doubts regarding the action of a vertical dowel when 
tractive forces can cause bending, with a reversal of stress and the subse- 
quent fatigue in the bar that might take place. It seems to me the action 
in the problem would be similar to breaking a wire with one’s fingers. 
For that reason I would prefer to have one bar in compression and the 
other in tension rather than taking it all in bending. 


By D. E. PARSONS* 

A—The ACI Code allows 0.05 f’,, but not to exceed 200 Ib. per sq. 
in., for bond with deformed bars. For concrete having a compressive 
strength of 2,500 lb. per sq. in., the needed length of embedment would 
be 8.5 in. 

Unless horizontal shear must be resisted, there is no advantage in the 
use of bars arranged in an X-shape. If the X-shape were used, hori- 
zontal stirrups would be needed to resist the horizontal component of 
the thrust in the bars. 

Is the questioner reasonably sure that spalling of the brick pier is 
likely, unless a device similar to that illustrated is used? It seems to 
me that spalling would not be likely, unless a stiff brick pedestal were 
used in conjunction with a relatively flexible girder. The flexural rigidity 
of the girder depends largely upon the span and the depth of the girder, 
and that of the pedestal upon its height and slenderiess. 

One point which possibly should be considered is the flexural stresses 
in the bar resulting from the deflection of the girder. If the flexural 
stresses are considered to be too high, they may be minimized by pre- 
venting contact of the concrete and the bar along a somewhat greater 
length than /% in., or by the use of smaller bars. 


*National Bureau of Standards, Washington, D. C. 
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Tentative theory of creep of concrete 
A, A. Gvozpev: Bull. Acad. Sci. U.R.S.S., Cl. Sei. Tech., 1943 (9/10), 84-05; Brit. Abs., 1945 (January 
Bl. 20. Building Science Abstracts, Vol. XVIII (New Series), No. 3, March, 1945. 
Hicghway Research ApsTKacts 

Concrete is considered as a mixture of solid grains and pores filled with a liquid or 
saturated vapour; deformation of a concrete specimen causes a movement of fluid in 
it. This theory is held to account for the effect of the dimension of the specimen, for 
the rate of deformation at a constant stress and a variable stress, and for hysteresis. 


Large graving dock in Australia 


Concrete and Constructional Engineering, \. 41, No, 2 (heb. 1Y46) pp. 44-45 


Reviewed by GLENN Mureuy 
This paper describes the design and construction features ot the Captain Cook graving 
dock at Sidney, N. 8. W., one of the largest in the world. In addition to the 1177-ft 
dock which is 55 ft. deep, the project included the construction of 2 floating caissons, two 
50-ton electric traveling cranes, 2 locomotive cranes, 12 capstans, a» pumping plant, a 
standby power house, a 1000-ft. wharf, and other auxiliary construction. A total of 
330,000 cu. yd. of concrete produced at a central mixing plant was used in the con- 
struction. 


Prestretched reinforcing bars show high strength in University of lowa tests 
B. J. LAmMuenr AND Nep L. Asron, Civil Engineering, Vol. 15, No. 12, (December 1945), p. 5t4 
Reviewed by J. RK. Sank 
Parallel strength tests of concrete slabs contamimng remtorcing bars prestretched 10 
per cent vs. the same bars unstretched showed that prestretching increases the slab 
strength by as much as 65 per cent. Plain bars, corrugated bars, and special corrugated 
bars, all %g in. in diameter in slabs of 3, 5 and 7 in. effective depths were tested. The 
greatest increase was noted for the corrugated bars. The conclusion is made that the 
use of prestretched bars of any style of reinforcing makes a beam considerably stronger 
easily 40 per cent more 


Circular plates with concentrated load on an elastic foundation 


Sven G. Benosrrée, (Swedish Cement and Concrete Research Institute at the Koyal ‘Technical University 
Stockholm), Bulletin No. 6, 10 pages. AuTnor’s SUMMARY 


This paper deals with a method for calculating the stresses in a circular plate of finite 
size supported on a semi-infinite clastic body and subjected to an axially symmetrical, 
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uniformly distributed loud acting on a definite area. Illustrations and graphs show 
the soil reaction, maximum moment and the deflection at the center of plate for vary- 
ing ratios of the flexural rigidity of the plate to that of the semi-infinite clastic body, 
and for varying ratios of the radius of the loaded area to the radius of the plate. An 
example is shown to demonstrate the application of the above-mentioned method to the 
computation of the principal tensile stresses set up in the soil 


Survey of the literature on plasticity, viscosity, and allied properties 
P. G. HeKoip and W. J. Smornens, Bull, Amer. Ceram. Soc., 1944, 23 (5), pp. 184-8 Road Abstracts, 


Vol. XIII, No. 5, (Muay 7, 1946). Hiaguway Restancu Apsrnacts 

A comprehensive study of the literature and a grouping of the methods of measuring 
plasticity, consistence, and viscosity used in various industries, including the tar and 
asphalt industries, shows that (1) the measurement of viscosity has been worked out 
in great detail and is highly standardized; (2) no completely satisfactory instrument 
for measuring plasticity has yet been devised; (3) only a few industries such as the tar 
and cement industries use measurements of consistence to any great extent, © Char 
acteristic apparatus used in each industry for measuring flow properties is described, 
and a bibliography containing 85 references to the literature is appended, 


; 


Load distribution over continuous deck type bridge floor systems 


L. E. Vanowenanirr, Bulletin No. 122, Engineering Experiment Station, The Ohio State University 
Reviewed by the Aurnon 

The studies described in this publication were undertaken in the hope of determining 
the actual deflection patterns caused by concentrated loads on the floor systems of the 
continuous beam deck type bilidges. Field measurements of deflections of actual 
structures were made, It was soon found that radiant heat from the sun caused de- 
flections that had to be determined in order to find that part of an observed deflection 
which was due to the loading. 

The effect of the use of the current type of transverse trusses between the supporting 
floor beams was investigated, This type of floor stiffening was studied and compared 
to a recommended revision of the method, The results justified the revision of the 
design for the transverse trusses, 

The use of a bituminous wearing surface on the bridge floor was found to be advisable 
in that warping due to the sun’s radiant heat is reduced considerably because of the 
insulating value of such a surface. 

References are made to vibration studies which demonstrate the existence of compo- 
site action in this type of bridge. Use of composite action for the support of dead 
loads is not recommended, due to plastic flow of the concrete forming the compression 
portion of the composite section. 


High-expansion cements and their applications, self-stressed concrete 
H, Lowaren, Genie Civ,, 1944, 121 08), 61-5. (Part Lonly). Road Abstracts, Vol, XITIL, No. 5, May 7, 1046 


Hiauway Reanancn Anarnacrs 

An introduction by A, Caquot points out that in practice the effeets of prestressed 
steel reinforcement are largely counteracted by shrinkage, immediate and retarded 
elastic reactions, and plastic deformation. The residual compression due to the pre- 
stressed reinforcement is relatively small unless use is made of high-tensile steels, as 
suggested by Freyssinet, The main paper advocates the use of a cement which expands 
during the setting and hardening period, the reinforeement being placed under tensile 


stress by the actual expansion of the surrounding material, Proprietary cements of 
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this type have been developed in France during recent years. They consist of an arti- 
ficial portland cement blended with a sulpho-aluminous cement (the expansive consti 

tuent) and a “stabilizer” the function of which is to absorb the reactive calcium sulphate 
and thus to check the expansion. The rate of expansion can be controlled by adjusting 
the proportions of the three main constituents. The course of expansion is compared 
graphically for high-expansion, portland and low-shrinkage cements. High expansion 
cement sets slightly more slowly than portland cement, the proportion of mixing-water 
required is about the same, but full expansion does not occur unless the concrete is 
kept wet after placing. At 28 days the strengths of high-expansion cement and port 

land cement mortars are almost equal. An account is given of several series of tests to 
determine the influence of the proportioning and of the method of compaction of con- 
crete made with high-expansion cement on its mechanical properties and the amount 
and the energy of expansion. Tests on arched beams and beams with the curved soffit 
were carried out in a specially designed apparatus in which tensile stresses were applied 
by means of a jack. 


The adoption of pre-stressed concrete for road bridges 
L. BE. Hunver, Highways, Bridges and Aerodromes, Vol. X11, No. 618 (April 3, 1946 
Hramway Resrancn Anarractrs 

Pre-stressed reinforced concrete has received far too little attention in England up 
to the present time. Unfortunately, the war has curtailed very considerably the de 
velopment of this subject. inasmuch as the construtional progress achieved before the 
war here was very slight. 

That it is vastly superior to normal reinforeed concrete there can be no doubt. That 
it is a convineing competitor to steel for beam construction has been definitely proved 

There has been some excellent but sporadic research work achieved by our Uni 
versities, the results of which have been published, but little practical result has com 
of these investigations in Great Britain. 

The following is a brief resume of its history: Doehonig, in 1888, took the first step 
in its evolution in Berlin when he took out a patent for mortar slabs reinforced by pre 
stressed steel wires which exercised a permanent compression on the tension zone of 
the concrete. This was proved a to be failure, because of the poor quality of the cement 
available, 

Karly in the twentieth century Lund and Koenen tested pre-stressed reinforced 
concrete beams by pre-stressing to approximately 8,000 Ib. per sq. in. Unfortunately 
after a time, the pre-stressing disappeared altogether, due to the ereep and shrinkage 
nullifying the comparatively low pretension of the reinforcement, 

Other similar attempts failed because the steel reinforeement used had a yield point 
Which was too low and the pretension too small to overcome the shrinkage and ereep 
of the conerete, 

Considere attempted to solve the problem of pre-stressing by employing reinfores 
ment hooping, the embodiment of which, it was hoped, would successfully resist the 
pre-compression, Considere’s method failed due to site difficulties, 

One of the earliest steps in pre-stressing was the climination of shrinkage stresses on 
the Plougastel Bridge in France, In this ease pressure was exerted on the arch by jacks 
placed at key points 

In 1928 Freyssinet showed the first practicable solution of the pre-stressing problem 
by utilizing high-quality concrete, in addition to high-tensile steel, To derive the dense 
and exceptional quality of conerete required it was essential to use every available 


means of compaction such as vibration, heating, ete, The steel adopted was of silicon 
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alloy which had an ultimate stress of 130,000 to 140,000 Ib. per sq. in. and a yield point 
of considerably more than 100,000 lb. per sq. in. The rods were delivered to the site 
in short lengths to ensure that they would not be overstressed. The reinforcement 
could be welded together to form the required length. After weiding, the rods were 
wire-drawn to raise the yield point to 125,000 lb. per sq. in. Due to this drawing 
process, a 14 in. diameter rod is equivalent to a 1 in. diameter mild steel rod. 

Concrete under Freyssinet’s treatment was subjected to a temperature almost at 
boiling point of water. in addition to compression and vibration. This resulted, after 
two or three hours, in a concrete made with ordinary portland cement withstanding a 
crushing stress of 4,000 to 6,000 Ib. per sq. in. After hardening, a final compressive 
strength of 150,000 Ib. per sq. in. was reached. 

By pre-stressing reinforced concrete such as this, the resulting concrete is made 
extremely impermeable to water, while being an excellent insulator against electricity. 
Moreover, this compact. concrete does not shrink to any great extent. 

The only difficulties are those of site construction. When contractors are fully able 
to cope with this advantageous form of construction at a reasonable cost, the merits 
will be completely realized, and we shall view the erection of prestressed bridges among 
other works with the same equanimity as we look upon the normal concrete construction 
today. 


Joints and cracks in concrete pavements 
Fart C. SuTHERLAND, Public Roads, Vol. 24, No. 7 (Jan. Feb. Mar. 1946) Reviewed by the AuTHOR 


This is a report on a cooperative study of a number of concrete pavements in the 
southern part of Michigan conducted during the summer of 1938 by the Michigan 
State Highway Department and the Public Roads Administration. The projects 
included in this study, 17 in number, were selected after a preliminary survey of the 
concrete pavements in the southern part of the State. The majority of the projects 
included were approximately 10 years old at the time of the investigation and all had 
heen subjected to comparatively heavy traffic during the entire period. 

Pavements of both uniform and thickened edge types were included and the interior 
thicknesses varied from 7 to 9 in. A small number of the projects contained special or 
welded reinforcement, but the majority were of plain concrete. All of the selected 
projects contained expansion joints of 34 or 1 in. width at intervals of approximately 
100 ft. There were no load transfer devices in the expansion joints. 

Three representatives miles were selected for detailed study on all projects exceeding 
3 miles in length. Where the total length of the project was less than 3 miles the entire 
pavement was examined. The combined total length of all the projects studied is 
approximately 110 miles and of this 46 representative miles were actually surveyed 
in detail. 

The primary object of this study was to determine if possible whether the condition 
of the pavements indicated a need for load transfer devices at transverse joints.. The 
method was to examine typical sections of selected pavements for (1) evidence of 
structural weakness in the vicinity of transverse joints and (2) evidence of other un- 
desirable conditions attributable to the absence of structural connection between the 
ends of abutting slabs. Certain collateral information was developed and observations 
concerning this are included. 

Load transfer devices at joints in concrete pavements are generally considered to 
have two main functions: (1) to enable one slab end to help support the other as a 
load passes and (2) to prevent faulting or maintain the alinement of the pavement at 
joints. 
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It was found in this investigation that corner breaks of the type generally associated 
with structural weakness were almost completely absent from the pavements examined. 
Longitudinal cracks were found in only a few isolated instances and these extended 
generally from a transverse joint to a transverse crack. 

The number of transverse cracks near the transverse joints is approximately the same 
on the approach slabs (in the direction of traffic) as it is on the slabs beyond the joints. 
This condition is about the same on pavements with a large number of badly faulted 
joints as on pavements with a relatively small number of such joints. The total number 
of transverse cracks near transverse joints was approximately the same in pavements 
with a large number of badly faulted joints as in those with a small number of such 
joints. Thus, the data indicate that the majority of the transverse cracks that occurred 
near transverse joints were caused by combined load and warping stresses across the 
section where the crack formed and that the absence of load transfer in the nearby 
joint was not primarily responsible for their formation. 

Faulting at the expansion joints was found generally on all of the pavements examined. 
The most serious faulting was found on pavements laid on the clay type subgrade 
material, but it was found to an objectionable degree on pavements laid on sandy type 
subgrades. The degree of faulting at transverse cracks was definitely less than that at 
transverse expansion joints. 

It was concluded that (1) in the pavements examined in detail there was little evi- 
dence of structural weakness in the vicinity of the transverse joints and (2) that to 
preserve slab alinement an adequate structural connection at expansion joints is an 
essential part of good pavement design even though the slab ends themselves are 
structurally adequate. 

The average slab length of the plain concrete pavements was reduced through crack- 
ing to between 15 and 20 ft., at the age of approximately 10 years, and the amount. of 
transverse cracking which ultimately developed bears little or no relation to the type 
of cross section or the amount of heavy traffic on the pavement. Pavements that 
contained distributed reinforcemert appeared to be in better condition than plain 
concrete pavements of the same age. 


Pre-setting cracks in concrete slabs 
James M. AnTILL, The Journal of the Institution of Engineers Australia, Vol. 18 No. 1-2 (Jan.-Feb., 1946). 
Hichway Researcu ABSTRACTS 

Pre-setting cracks are of a somewhat crazy pattern throughout. In reinforced slabs 
they tend to follow the direction of the principal reinforcements, with short diagonal 
eracks between and intersecting the main fissures. In unreinforced slabs the cracks 
are random, short, and seldom interconnected. 

Pre-setting cracks are readily distinguished from the more common finer and shallower 
“crazing”? due to drying shrinkage. They vary in width from a “hair-crack’’ to ap- 
proximately 4 in. or more; in length they range from a few in. to as much as 3 ft. In 
depth they extend downward into the slab some 1 to 2 in., often overlying a steel re- 
inforecing bar or a large particle of aggregate; they certainly do not extend through 
the slab. 

The most puzzling feature of pre-setting cracking is its erratic nature, both 
as to crack pattern and to its occurence; the phenomenon occurs sporadically at 
unrelated times, regardless of the weather, and would seem to make its appearance 
intermittently over the years, as though it would occur in cycles. When they do occur 
pre-setting cracks first make their appearance rather suddenly about one to two hours 
after the concrete is poured. They have been reported as early as 30 minutes after 
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concrete placement, and they are never later than three hours. They may be equally 
severe—or entirely absent—on hot sunny days, or with cool cloudy conditions, and even 
during light rain. They have been observed to occur with equal severity during both 
mid-summer and mid-winter. 

Several authorities suggest that pre-setting cracks or checking are caused by an 
obstruction to the natural settlement shrinkage of the newly-poured mass. Where 
reinforcements are present near the upper surface, it is considered that these—being 
relatively rigid obstacles—interrupt the internal settlement of the fresh concrete, and 
so lead to cracking more or less vertically over the steel, particularly as the exposed 
surface of the concrete is liable to commence setting prior to the interior; that portion 
of the mass resting on the obstruction is forced to bend as the adjacent portions settle, 
and a crack will result if the cohesiveness of the concrete is insufficient to withstand the 
tensile stress involved. 

This theory, however, does not satisfactorily explain the presence of the diagonal 
cracks, nor the reason why checking occurs at places where there are no reinforcing 
bars located near the upper surface of the slab. In this connection, however, it has 
been reported from the U. 8. Bureau of Reclamation that checking in unreinforced 
slabs has been investigated; in every case the crack bordered or followed a large stone 
just below the surface, and it is therefore considered that ‘checking was being caused 
by differential settlement of the mortar, with consequent separation from the coarser 
particles of the aggregate.’’ Photographs of cores drilled from 6-in. road pavements 
clearly show that this type of cracking is related to the distribution of large aggregate 
particles. It is pointed out that the upper surface of the pavement was screeded level 
before cracking occurred, and that a straight-edged placed across the tops of the cores 
clearly showed that settlement had taken place, the concrete having broken away from 
the higher places. 

As opposed to the theory of settlement shrinkage, other authorities have suggested 
that the cause may be found in the constituents of the cement. It was considered 
that the early hydration of the tricalcium aluminate and associated compounds 
(although these were present within specified limits) may well have something to do 
with the phenomenon, owing to their change in volume. 


Conclusion. It is obvious that pre-setting cracks occur because of tensile failure of 
the upper surface of the concrete, which failure takes place shortly after setting of 
that upper surface has commenced. The fundamental cause of this cracking lies in the 
development of the internal forces which lead to this tensile stress being set up. 


If this tensile stress in the upper surface be the result of obstruction to the natural 
settlement shrinkage, then pre-setting cracking would be a purely physical phenomenon. 
As such, one would expect it to be more consistently prevalent (rather than erratic and 
sporadic), particularly where upper reinforcements are present, and considerable, if 
not complete, alleviation of this cracking would be expected to result if obstructions 
to the natural settlement were removed; that is to say, instead of supporting the steel 
reinforcements in the usual manner, it would be better to suspend them from above, 
and to release this suspension after concrete placement, thus enabling the steel bars to 
settle with the concrete. This would then leave only the chance distribution of the 
large aggregate particles. 


On the other hand, if the cause be of chemical origin, or from a physical-chemical 
combination, then one might still expect to find the cracks generally located adjacent 
to the upper steel bars and coarser aggregate particles, for when a tensile failure occurs 
it must surely follow the weakest planes of the concrete mass, which would naturally 
coincide with the positions of large obstacles, for these have of course reduced the net 
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cross sectional area of the cement paste available to resist any development of tensile 
stress. It would seem, therefore, that intensive investigations based on these theories 
may provide a solution which would fully account for all the known facts, the most 
extraordinary of which are perhaps the erratic crack pattern, and the manner in which 
the phenomenon only makes its appearance from time to time. 

It will be readily seen that there is as yet no all-embracing explanation of the pheno- 
menon, and that the origin of this type of cracking igs indeed complex; it may well be 
that the circumstances leading to the occurrence of these pre-setting cracks are multiple. 
On this hypothesis, it is clear that certain combined effects would be critical, and that 
therefore cracking would only occur when such critical combination is present; if this 
critical balance be upset, then pre-setting cracks would not appear. This may be the 
reason Why a change in brand of cement may lead to cessation of this type of cracking, 
and also why the phenomenon makes its appearance in the form of periodic outbreaks, 
for slight changes in the constituents of the cement, or of the aggregates, may be suffi- 
cient to upset the eritical combination necessary for production of the cracks, or may 
sufficiently increase the cohesiveness of the fresh concrete to enable it to withstand 
without failure the tensile stress internally developed during early setting. 

Nevertheless, while pre-setting cracks may be readily closed by delayed finishing or 
refloating, it is felt that prevention is certainly better than cure and that as soon as 
opportunity offers, extensive research should be undertaken with a view to discovering 
the precise cause of this erratic, sporadic, and extremely annoying phenomenon. 


The paper includes eleven references. 
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10 JOURNALS this year—Up from 6 and some hurdles 


to take 





With this issue of the JourNAL we are 
back on a schedule of publication ten 
times a year, September to June inclusive 
for this volume year. 

ACI Journat publication began with 
the November issue, 1929, on the basis of 
ten issues a year. Depression years re- 
sulted in several changes of the schedule, 
finally settling down to six JoURNALS a 
year, with a Supplement sent out with 
each November JouRNAL containing title 
page, table of contents, closing discussion 
and indexes for the volume otherwise 
completed in the previous June. 

Then the war years resulted in paper 
and manpower shortages so that for some 
time following a budget position which 
justified a larger staff, additional office 
space and more pages published each 
year, war conditions prevented the ex- 
pansion of our program. 

Even now, beginning a new JouRNAL 
volume on the old schedule of ten Jour- 
NALS a year plus the Supplement in 
November, we face hurdles. Our printers 
advise us that the situation on paper 
supply is in many respects worse than 
during the war, and full manpower at the 
printing establishment is lacking. 

There are other hurdles to be taken; 
Members of the Institute can help us 
take some of them. An issue of the 
JOURNAL may be thinner than we would 
prefer, because of 1) insufficient paper on 
hand, 2) insufficient manpower at the 
printers or 3) an inadequate editorial cup- 
board. On the last Members can help. 


In going from six JouRNAL issues and a 
Supplement to ten issues and Supplement 
in each volume year, the Publications 
Committee and the Board of Direction 
are not committed to a definite percentage 
increase in the total JouRNAL pages issued. 
The aim is 40 percent, 


That Editorial Larder 


That matter of the state of the editorial 
larder is largely up to the cooperation of 
Members of the Institute. This is some- 
thing which more Members might take 
more seriously on the basis of a well bal- 
anced diet. A well balanced fare requires 
more contributions recording job experi- 
ence, and the practical ways and means of 
achieving good results in actual practice 

One may theorize from the results of 
research as to what should be done. How 
about the actual problem of getting work 
done that way? 


Laboratory and Field 

The practical worker in the field 
coping with men, materials and methods 
with workmanship in general—may shy 
away from the idea of writing a formal 
paper. The man dealing’ with laboratory 
data is likely to regard a published paper 
asa part of his job. He takes it for granted 
and makes a formal presentation usually 
without stepping out of character to say 
how his data are to be applied to practice. 
The practical worker is a little likely to 
lose interest in the construction job done; 
he is all for the problems of the job just 
ahead. 

Since ACI is a cooperative enterprise, 
Members in both these two differently 
minded groups are in a position to be con- 
tributors to the mutual effort. ACI is not 
unmindful that there are other ways of 
contributing to the ACI cause than by 
writing for publication. JourNAL publi- 
cation is however the major consideration 
is getting helpful information to all Mem- 
bers of the Institute. 

Let the practical man in the field be 
persuaded to overcome the presumably 
psychological handicap that attaches to 
“writing a paper.” If he prefers, let him 
write a letter telling what interesting ex- 
perience he has had—not encompassing 
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the details of an entire project, but cov- 
ering the essential ways and means of 
failures and successes, and the aids to 
workmanship which in his mind stand 
out as particularly interesting, either as 
information to other men facing similar 
problems, or as a means of comparing 
notes in arriving at an appraisal of pre- 
ferred field methods. The facts are 
needed and the worker’s reactions to those 
facts as he found them in his experience. 
The Publications Committee will be very 
glad to assist in the development of such 
information for publication. Valuable 
ideas often can be got across in a page or 
two. A 4-page paper may be more in- 
teresting and more valuable to more 
readers than a 16-page paper. It depends 
upon the solid substance of the subject 
matter. 

How long should a paper be? As long 
as a piece of string—to do up the package 
and tie a knot.-—-H. W. 





ACI Technical Committees 





ACI 318-41 is now also ASA- 
A89.1-1946 


The Institute’s Building Regulations 
for Reinforced Concrete (ACI 318-41) 
familiarly known as “The ACI Building 
Code,’’ the work of Committee 318, was 
approved as an American Standard by 
the American Standards Association, May 
22, 1946 under the designation “ASA —A 
89.1-1946,”’ 


ACI Committee 324, Precast Rein- 
forced Concrete Structures 

An increasing interest in the possibilities 
of precasting reinforced concrete struc 
tures prompted the Advisory Committee 
to organize a group under the chairman- 
ship of A, Amirikian, Bureau of Yards 
and Docks, U. 8. Navy, Washington, 
D.C. Notices of appointment have gone 
out to the members of the Committee 
and the organization’s personnel will be 
announced as soon as response is com 
plete. The immediate task is the correla- 


tion of available information on matters 
of design and of construction techniques 
for work of this kind. 


“Proposed Manual of Standard 
Practice for Detailing Reinforced 
Concrete Structures''—Best Seller 


The Report of Committee 315, De- 
tailing Reinforced Concrete Structures, 
under the chairmanship of Arthur J. 
Boase represents several years of labor by 
the Committee and the generous coopera- 
tion of a special committee of the Con- 
crete Reinforcing Steel Institute. It was 
sent as a kind of special dividend to all 
Institute Members of record at time of 
publication in July and to all new appli- 
cants for membership in July. 


The non-member price of the book is 
$2.50 per copy; Member price, $1.50. 
This applies to members of the Institute 
as of August 1, and for additional capies 
which many design offices require. 

Within 30 days this book was at the 
top of the ACI best-seller iist. 

enthusiastic letters of approval have 
been many. It is believed to be the only 
publication of its kind in English and was 
immediately recognized as an important 
tool for draftsmen and designers and for 
student use in engineering schools. 


Two New ACI Standards: Precast 
Floor Units and Concrete Farm Silo 
Construction 


Since the 1945 Book of Standards was 
issued, two new standards became avail- 
able, with the canvas of letter ballots last 
month. The balloting ratified convention 
action last February. 

“Minimum Standard Requirements for 
Precast Concrete Floor Units (ACI 711- 
16)’’ Prof. F. N. Menefree Chairman of 
Committee 711 which did the work. 
Ballots returned 449; 433 yes; 6 no; 10 
blank. 

“Recommended Practice for the Con- 
struction of Concrete Farm Silos (ACI 
714-46)” William W. Gurney, as Chair- 
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man heads Committee 714. Ballots re- 
turned 449; 426 yes; 3 no; 20 blank. 

Both these standards, with the approved 
revisions, will under Institute rules, be 
published shortly in the ACI Journat, 
becoming available at that time in sep- 
arate prints and eventually as parts of a 
new volume of Institute Standards. Mean- 
while, separately, in covers, the price 
will be fifty cents each. 


ACI Committee 209, Volume 
Changes and Plastic Flow in Concrete 


Committee 209 is being reorganized 
under the chairmanship of Douglas 
McHenry, Bureau of Reclamation, Den- 
ver. Its assignment is ‘‘to review critically 
the available data on the factors affecting 
the magnitude of volume changes and 
plastic flow in concrete; to suggest topics 
of needed research and to stimulate the 
preparation of papers to interpret the 
available information in a form useful to 
structures.” 
The make-up of the new committee will 
be announced as soon as reorganization is 
complete. 


the designers of concrete 


ACI Committee 213, Properties of 
Light-Weight Aggregate Concrete 


ACI Committee 213, Properties of Light 


Weight Aggregate Concrete, under the 
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chairmanship of Prof. George W. Washa, 
University of Wisconsin, Madison is be- 
ing organized. 
bership have been made and the complete 
organization will be announced when re- 
sponses are all in. 


Appointments to mem- 


The assignment of the 
committee ‘as a preliminary undertaking 
is to report on the properties of light 
weight concrete with suggested subjects 
on which existing information might be 
correlated by the committee as follows: 
elastic properties, durability, heat trans- 
mission, porosity, absorption, sound in- 
sulation and volume changes. 


ACI Committee 210, Resistance of 
Concrete to Abrasion and Erosion 


Continuing under the chairmanship of 
William F. Public Roads 
Administration, Committee 210, Resist- 
ance of Concrete to Abrasion and Erosion, 


Kellermann, 


is under reorganization with the assign- 
ment to correlate and to report available 
information on the subject indicated in 
its title. The committee will, however, 
for its future work, consider three aspects 
of the problem in three sub-committee 
groups: Floors, 


Hydraulic Structures, 


Pavements. Personnel of the entire com- 
mittee and of the separate groups will be 
announced as soon as reorganization is 


complete. 





New Members—334 of them 





The list of new ACI Members here an- 
nounced is the largest such list ever pub- 
They 
comprise applicants for membership in 
May, June and July as approved by the 
Board of Direction, a total of 334—289, 
Individual, 9 Corporation, 14 Junior, 22 
Student. In the period covered by this 
list there were comparatively few losses in 


lished in a single JOURNAL issue. 


membership by deaths, resignations or for 


non-payment of dues. Thus the total 
membership as of August 1 was 2696. 
Ackerman, Jerome O., U. 8. Engineer 


Office, 1709 Jackson St., Omaha 2, Nebr. 


Ackerman, W. E., Ann Arbor Construction 
Co., 221 Feleh St., Ann Arbor, Mich. 

Allen, Merrill, Watertown, S. Dakota 

Allen, W. H., Allen Company, Wichita, 
Kansas 

Ammon, Jr., William, Evans 
Construction Co., 5300 Vine Street, St. 
Bernard, Ohio 

Anderson, A. A., 
Chicago 10, Ill. 

Anderson, C. Milton, 1365 S. 2100 East, 
Salt Lake City 5, Utah 

Anderson, Delbert B., 3246 Stuart St., 
St., Denver 12, Colo. 


Dawson, 


33 West Grand Ave., 
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Anderson, Herbert, 631—49th St., Brooklyn 
Sa IN, Re 

Andrysiak, Raymond 8., City Civil Engi- 
neer, City Hall, South Bend, Ind. 

Argraves, Newman Edward, 70 College 
St., New Haven 10, Conn. 

Arguelles, Oscar Vega, c/o National Irri- 
gation Comm., Mexico, D. F. 

Arizona Sand & Rock Co., P.O. Box 596, 
Phoenix, Ariz. (D. W. Kelley) 

Asgeirsson, Haraldur, The University Re- 
search Institute, Reykjavik, Iceland 

Ashdown, Grant, 8851 Penrod, Detroit 23, 
Mich. 

Avant, Joseph, Design Branch, Mississippi 
tiver Commission, Vicksburg, Miss. 
Bahr, Robert V., The Anglo-Swedish Con- 
struction Co. Ltd., 4 Drapers Gardens, 

London, E. C. 2, England 

Balhiser, Charles Kenneth, Box 387, 
Anchorage, Alaska 

Ballesteros, Francisco Gonzales, Morelos 
839, Monterrey, N. L., Mexico 

Bamman, Fred C., Maule Industries, Ojus, 
Fla. 

Barabas, A. F., 1300 EK. Oaks Ave., 
Compton, Calif. 

Barber, R. 8S. V., Dow-Mac (Products) 
Ltd., Lion House, Red Lion St., 
Richmond, Surrey, England 

Barstow, V., 39 W. 70th St., New York 
23; N. Y. 

Bartelsmeyer, Ralph R., Nashville, Il. 

Basman, Sabahattin, 3817 N. Fremont 
St., Chicago 13, Il. 

Bates, Allan A., Portland Cement Asso- 
ciation, Division of Research & Develop- 
ment, 33 W. Grand Ave., Chicago 10 
ll. 

Baumann, C. N.,, 
Asheville, N.C. 

Beach, James C., 
Haven 2, Conn. 

Beall, Stewart H., 1920 Eye St. N. W., 


Washington 6, D. C. 


Bearden, Walter C., 407 Legal Bldg., 
Asheville, N.C. 


25 Orchard = St. 


Pp, (), Box 236, New 


ui 


Beaven, Luis Fernando, 826 S. Wabash, 
Chicago, Ill. 

Beckman, Wm. F., General Engineering 
Co., Merchants National Bank Bldg., 
Fort Smith, Ark. 

Benassini, Aurelio, ¢/o National Irrigation 
Comm., Mexico, D. F. 

Benjamin, Jack R., Dept. of Architecture, 
Rensselaer Polytechnic Institute, Troy, 
an 

Benzick, Allen B., 3342 Upton Ave., N., 
Minneapolis, Minn. 
serg, Waldemar C., 10 Circle Drive, 
Hastings-on-Hudson 6, N. Y. 

Bezette, H. J., Law & Co., 16 Baker St., 
N. i., Atlanta, Ga. 

Bitterman, John, Engineer of Tests, 
Kentucky Dept. of Highways, Frank- 
fort, Ky. 

Bowles, Ernest M., 1408 Ivy St., Denver 
i Colo. 

Bowman, J. H., c/o Intrusion-Prepakt, 
Ine., Box 445, Arkansas City, Kansas. 

Braddon, Ralph E., 1436 E. 86th St., 
Cleveland 6, Ohio 

Brewster, Wayne M., 
Dakota 


Woons rcket, Ss. 


Brodigan, Francis, North Haven, Conn. 

Brumer, Milton, 77. Park Terrace E., 
New York 34, N. Y. 

Bullock, Carlos D., 221 Audubon Ave., 
Wayne, Pa. 

surne, Stanley, 2675 La Jolla Ave., San 


Diego 10, Calif. 


~ 


‘ampbell, James F. S8., 8818 Lenore St., 
Dallas 18, Texas 

Campbell, Paul F., Rust Engineering Co., 
Clark Bldg., Pittsburgh 22, Pa 

Carballo, Jorge, P. O. Box 1192, San Jose, 
Costa Rica. 

Carlson, Cliffon C., 313 E. Washington 
St., Villa Park, Ill. 

Carton, H. J., ¢/o Portland Cement Asso- 
ciation, 33 W. Grand Ave., Chicago 10. 
Il. 

Cassidy, John H., 404 Brewster St., 
Bridgeport, Conn. 
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Chapman, Jr. F. M., 504 Watts Bldg., 
Birmingham 3, Ala. 

Chatterjee, Pareshnath, Dept. of Civil 
Engineering, University of Illinois, Ur- 
bana, IIl. 

Christian, Jr. P. D., ¢/o Christian & Bell 
Co., 664 Spring St., N. W., Atlanta 3, 
Ga. 

Chung-wei, Wu, HUAT River Commission, 
34 Manghai Ave., Nanking, China 

Cissel, James H., 301 W. Engineering Bldg. 
Ann Arbor, Mich. 

Clark, Charles H., 826 Carolina, Amarillo, 
Texas 

Clark, Jr., William L., c/o The Hausman 
Steel Co., P. O. Box 416, Toledo 1, Ohio 

Clarke, Harold, U. 8. Engineer Office, Ft. 
Norfolk, Norfolk 1, Va. 

Cobb, Maxey F., 147 N. College Ave., 
Fort Collins, Colo. 

Coel, Joseph, 1320S. Karlov Ave., Chicago 
23, Il. 

Compton, Carl &., 
Greensboro, N. C. 


704 Asheboro St., 

Concretera National 8. A., Palatino 202, 

(M. F. Goudie) 

Conkey, C. R., Fegles Construction Co. 
Ltd., 711 Wesley Bldg., 
Minneapolis 4, Minn. 


Havana, Cuba. 
Temple 


Coombs, Anthony 8., ¢/o Coolidge, 
Shepley, Bulfinch & Abbott, 1 Court St., 
Boston 8, Mass. 

Cooper, Donald L., 275 Orange St., Elgin, 
Ill. 

Corbetta, Louis P., 220 East 
New York, N. Y. 

Coria, Antonio, c/o National Irrigation 
Comm., Mexico, D. F. 


{2nd St., 


Cortelyou, Spencer V., Division of High- 
ways, 808 State Bldg., Los Angeles 12, 
Calif. 

Courtney, Neville C., 306 Haakon Road, 
Brooklawn, Gloucester, N. J. 

Crawford, Wm. P., Box 1853, Bisbee, Ariz. 

Croak, Edward A., 5622 Callowhill St., 
Pittsburgh 6, Pa. 

Cubbison, Gerald L., 
Pasadena, Texas 


709 Alvin St., 
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Culbreath, Mark C., Burns & McDonnell 
Engineering Co., 107 W. Linwood Blvd., 
Kansas City 2, Mo. 

Cuzzi Bros. & Singer Inc., 10 8. 2nd Ave., 
Mt. Vernon, N. Y. (Alexander Singer) 
Czel, Jr., James E., c/o U. 8S. Engineer 
Office, Fort Norfolk, Norfolk, 1 Va. 
Dahl, Louis A., Portland Cement Asso- 
ciation, 33 W. Grand Ave., Chicago 10, 

Ill. 

Davison, E. K., 42nd & 
Pittsburgh 1, Pa. 

DeGroff, Charles W., P. O. Box 138, Deer 
rer, L. 1., N. ¥. 

Dennis, T. H., Division of Highways, 
Public Works Bldg., 1120 N St., Sacra- 
mento 14, Calif. 


Davison Sts., 


DiLuzio, Frank C., P. O. Box 1539, Santa 
Fe, N. M. 
Doenges, August, 1706 Arcade Bildg., 


St. Louis 1, Mo. 

Dominguez, D. C., P. O. Box 1206, San 
Jose, Costa Rica 

Donovan, W. L., Carnegie-Illinois Steel 
Corp., Pittsburgh, Pa. 

Earl, Austin W., 233 Sansome St., San 
Francisco 4, Calif. 

Echeverria, Adolfo Vargas, P. O. Box 444, 
San Jose, Costa Rica 

Edmundson, Lester F., 742514 Hollywood 
Blvd., Hollywood 46, Calif. 

Eiken, Sigmund, Box 512, Houston, Texas 

Elfert, Jr., R. J., 2019 S. Race St., Denver 
10, Colo. 


Elliott, John P., 483 Temple Ct. Bldg., 
Denver, Colo. 
Endriss, Ralph J., 11502 Nemours Bldg., 


Wilmington, Del. 


659 


‘ng, Ralph T., 69th St., Brooklyn 


20, N. X. 


Ongle, Charles A., Bureau of Reclamation, 


Denver 2, Colo. 

Narciso, P. O. 
San Jose, Costa Rica 

Failor, 8. V., 1981 8. Lafayette, Denver 
10, Colo. 

Ferguson, Wallace A., 
Mexico, D. F. 


‘squivel, Y. Box 4833, 


Doneceles 42—205, 
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Fiegen, Michael, 2125 Cruger Ave., New 
York 60, N. Y. 
Fiesenheiser, E. L., 
Chicago 28, II. 
Fischer, Jr., Otto, 
Flaherty, John C., Building Department, 
City & County Bldg., Denver, Colo. 
Frank, Howard G., P. O. Box 603, Dover, 
Del. 

Frank, John O., Oshkosh 
Laboratory, Oshkosh, Wis. 

Freeman, Robert W., 667 Kendall, Palo 
Alto, Calif. 

Fridstein, Meyer, 228 North La Salle St., 
Chicago 1, Ill. 

Friedgen, Clemens F., 8127 Burholme Ave. 
Philadelphia 11, Pa. 

Fugere, Donald E., 675 Delaware, Detroit 
2, Mich. 

Garcia, Rodolfo C., 875 Alvarado Exten- 
sion, Palomar Park, Manila, Philippines 

208 W. 


9512 S. Lowe Ave., 


tiverton, Wyo. 


Industrial 


John, 

Alexandria, Va. 

Lester H., District Engineer, 
California State Division of Highways, 
San Luis Obispo, Calif. 

Gillis, R. M., Division of Highways, 
Public Works Bldg., 1120 N St., Sacra- 
mento 14, Calif. 


Gartman, Myrtle St., 


Gibson, 


Glantz, Omar J., 4949 Decatur St., 
Denver 2, Colo. 
Glidden, Wm. R., Bridge Engineer, 


Virginia Dept. of Highways, Richmond, 
Va. 

Godfrey, James E., 220-17 Hartland Ave., 
Queens Village 8, New York, N. Y. 

, 803 Forum Building, 
Sacramento 14, Calif. 

Gore, R. R., Ist Road, Khar, 
India 


Goodall, George E. 
Jombay 21, 


Gorham, Edwin Raymond, Albany Rd., 


Kelmscott, Western Australia 
Graham, W. W., 5995 Terrebonne Ave., 
Montreal, Que., Canada 
marry K.,. ¥..:0. 
Alexandria, La. 


Gravier, Box 1391, 
Gray, Nomer, c/o Ammann & Whitney, 
111 Kighth Ave., New York 11, N. Y. 


Grillasea, Domingo, c/o Concrete Indus- 
tries, Inc., P. O. Box 4472, San Juan 22, 
Puerto Rico 

Grini, Alf, 2727 Maxwell Ave., Knoxville, 
Tenn. 

Grumm, Fred, Division of Highways, 
Public Works Bldg., 1120 N St., Sacra- 
mento 14, Calif. 

Guentter Reinhard Co., 2023 Dunlap St., 
Cincinnati 14, Ohio. (Joseph Reinhard). 

Gurdian, Luis Alberto Truque, Aranjuez, 
1305 Av. 13 Calle 19, San Jose, Costa 
Rica 


Guye, Fernand, Holderbank, Argovie, 
Suisse 
Hakanson, Per, Skanska Cement AB, 


Limhamn, Sweden 

Harding, George N., Box 1452, Mountain 
Home, Ark. 

Harding, P. O., 1200 N. Center St., P. O. 
Box 2048, Stockton, Calif. 

Harper, Sinclair O., 5800 Buena Vista Ave. 
Oakland 11, Calif. 

Haselwood, Fred W., State of California, 
Department of Public Works, Division 
of Highways, Redding, Calif. 


Hauser, Albert R., 4582 Woodlawn, 
Chicago 15, Il. 

Hayler, George R., Box 447, Nederland, 
Colo. 

Hellesoe, George F., California Dept. 


Public Works, Division of Highways, 
Eureka, Calif. 

Hennes, R. G., Dept. of Civil Engineering, 
University of Seattle 5, 
Wash. 

Henry, T. 
4, Ohio 

Herbert, John D., Box 2678 Ter. Annex, 
Los Angeles 54, Calif 


Hermosillo, Luis Gonzalez, 


Washington, 


B., 821 Security Bldg., Toledo 


teforma 566, 
Guadalajara, Jalisco, Mexico. 

Hickey, Michael E., 3715 
Denver 14, Colo. 


Benton St., 


Hobart, Raymond H., c/o Haller Testing 
Laboratories, 801—2nd Ave., New York 
7, a: 

Hobbs, Emmett L., ¢/o Smith & 
No. 1 Peters Bldg., Atlanta, Ga. 


Hobbs, 
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Hodgkins, W. C., c/o Herrick Iron Wks., 
18th & Campbell Sts., Oakland, Calif. 

Hohlweg, William A., 900 Niagara St., 
Denver 7, Colo. 

Hollinshead, John R., 2912 Snowden Rd., 
Nashville 4, Tenn. 

Hopper, Robert E., 617 Kansas, Pasadena, 
Texas 

Howard, L. R., P. O. Box 188, Ventura, 
Calif. 

Howe, H. E., 800 Herman 
Travis St., Houston 2, Texas 


Bldg., 204 


Howe, Robert E., ¢/o Alexander Merchant 
& Son, One Elm Row, New Brusnwick, 
N..d. 

Huber, William G., 737 South Williams 
St., Denver 9, Colo. 

Jacobson, Delbert G., Castlewood, 38. 
Dakota 

Jakkula, A. A., Texas A. 
College Station, Texas 


50th St., Brooklyn, 


& M. ( ‘ollege, 


Jamison, Max, 463 
ie £ 

Jancik, E. C., 3729 Robinhood, Houston 
5, Texas 

Jankowski, Chester L., 1512 Western Ave., 
South Bend 19, Ind. 

Johnson, Bruce M., 2269 Ivanhoe St., 
Denver 7, Colo. 

Johnson, T. R., 43 E. Ohio St., Chicago 11, 
Ill. 

Kahn, Emanual L., 5324 Van Buren St., 
Chicago 44, Ill. 

Kapila, Indar Prakash, 328 
S. E., Minneapolis 14, Minn. 

Kaplan, Meyer M., 5113 Woodlawn Ave., 
Chicago 15, Il. 


10th Ave 


Kaufman, Samuel H., Dana, Ind. 

Kendall, Thomas C., 1266 8S. Boyle Ave., 
Los Angeles 23, Calif. 

Kerekes, George J., 1924 Broadway, 
Oakland, Calif. 

Kielich, Quentin R., 5600 N. Federal Blvd. 
Denver 11, Colo. 

King, John C., 1579 South Clayton St., 
Denver 10, Colo. 

King, Philip, Larson, White & Hunt, 830 
Main Street, Cincinnati, Ohio 
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King, R. G., 3321 S. W. 
Des Moines, Ia. 

Kline, J. D., 
Halifax, 601 
N.S8., Canada 


13th St. Place, 


Public Service Comm. of 
Barrington St., Halifax, 
Klise, Louis J., Dewey Portland Cement 
Co., Box 658, Davenport, Ia. 
Theodore T., c/o Knappen 
Madison Ave., 


Knappen, 
Engineering Co., 280 
New York 16, N. Y. 

Mark C., ¢/o Lehigh Portland 

Co., 111 W. Washington St., 
Chicago 2, Il. 

Krebs, James A., 1522 
Pittsburgh 16, Pa. 

La Forge, H. B., 


Knight, 
Cement 


Jeechview Ave., 


Division of Highways, 


Public Works Bldg., 1120 N St., Sacra- 
mento 14, Calif, 
Lamb, Guy Francis, 252 Main St., 


Middletown, Conn. 


Langley, Harold E., State Highway Dept., 
Concord, N. H. 


Larsen, Harold N., 


Francisco, Calif. 


629 Bryant St., San 

Lavik, Olav, 2909 Keystone Ave., Knox- 
ville, Tenn. 

Lee, K. S., 622 West 114th St., New York 
25, N: Y. 

Leeper, Laverne D., 648 Fourth St., San 
Bernardino, Calif. 

Lehmann, H. L., Testing & Research 

ngr., Louisiana Department of High- 

ways, Baton Rouge, La. 


Los Angeles Department of Building & 


Safety, Room 216 City Hall, Los 
Angeles 12, Calif. 
(Rolland Cravens) 
Love, H. C., 307 North Adams St.. 
Houston, Texas 
Lowden, 8. W., Dist. Engr., Dept. of 


Public Works, 
Bishop, Calif. 


MeBrian, Ray, c/o Denver & Rio Grande 


Division of Highways 


R.R. Co., Burnham Bldg., Denver, 
Colo. 
McClellan, Thomas J., Avondale Apart- 


ments, Apt. 11, Corvallis, Ore. 
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McCoy, G. T., Division of Highways, 
Publie Works Bldg., 1120 N St., 
mento 14, Calif, 

McCrackin, Thomas H., 3112 Kemp Drive 
St. Louis, Mo. 

McDonnell, Maynard W., 
Dakota 


Sacra- 


Montrose, 8. 


McLean, Harry H., g/o Bureau of Recla- 
mation, Kalispell, Mont. 

Mabie, Floyd L., P. O. 
boro, N. C. 

MacLeay, Donald M., 425 Florence St., 
Mamaroneck, N. Y. 

Magnel, Gustave, c/o Ch. Zollman, 375 
Riverside Drive, New York, 25 N. Y. 
Maltby, Leslie A., 918 Madrid St., 
Coral Gables 34, Fla. 
Maltz, Benjamin, 1010 
Brooklyn 25, N. Y. 
Mannel, Charles, Box 525, Asheville, N.C. 
Mao, S. P., 
Commission, Nanking, China ° 

Marks, R., 204 
Houston 2, Texas 

Martinson, Raymond A., 3300-—47th Ave. 
S., Minneapolis, Minn. 

Maryland State Roads Commission, 
Department of Public Works, 108 West 
Lezington St., Baltimore 3, Md. 

Attn. Mr. W. C. Hopkins 

Maynard, Gordon 8., Portland Cement 
Association, State Planters Bank Bldg., 
Richmond 19, Va. 

Meadows, Henry E., P. O. 
Midland, Texas 

Melville, Phillip L., 
Richmond, Va. 

3., 19 York Drive, Piedmont, 


Sox 2909, Greens 


President St., 


c/o National Conservancy 


Constant Travis St., 


Box 1600, 


Dept. of Highways, 


Meszaros, I 
Calif. 

Meyer, Harry H., c/o Sanderson & Porter, 
52 William St., New York 5, N. Y. 


Miechielsen, Ing. Cornelio, Apartado 
Postal No. 755, Monterrey, N. L., 
Mexico 


Miller, Alfred L., 9229 
Seattle 5, Wash. 

Miller-Davis Co., 1287 Portage Street, 
Kalamazoo 7, Mich. (R. D. Maxwell). 


45th Ave., N. E., 


Milsom, Metallicrete 
Co. Ltd., 530 Mountain St., 
3, Que., Canada 

Moats, H. 
Alaska District, Anchorage 

Moir, C. Russel, 429 
Easton, Pa. 


F loc yr 
Montreal 


Gerald, c/o 


Bay OU, Bi 


Engineer Office, 
Alaska 
Clinton Terrace, 
Monarch Cement Co., Humboldt, Kansas. 
(Otto C. 
Moorhead, 
Morabito, John, 3 
Winchester, Mass. 
Morales, 
Miramar, Havana, Cuba 
Moran, Willis T., U.S. 


mation, Custom House, Denver 2, Colo. 


ilasse) 

tay M., Sunnyside, Wash. 
Indian Hill Rd., 
Ave., 


Ricardo, Calle 37 y 6 


Bureau of Reela- 


Morgan, Ernest E., Highways & Bridges 
Dept., 


Hall, Kingston-on-Thames, England 


Surrey County Council, County 


Morgan, O. M., National Aniline Division, 
1051 South Park Ave., P. O. Box 975, 
Suffalo 10, N. Y. 

Morris, Seth B., 38 Purser Place, Yonkers 
5, N. Y. 

Mulroy, Norman G., “Elnor’’ Holyhead 
Rd., Wellington, Salop, England 


Mumford, R. P., 117 Roosevelt Drive, 
Springfield, Ohio 
Murphy, William G., 605 W. Iowa, 


Urbana, Ill. 
Musser, Leon B., 3 Ridge Rd., Media, Pa. 
Warren O., 
ratories, Inc., 1315 S. 13th St., Louis- 


Nance, Barrow Agee Labo- 
ville, Ky. 

Nash, A. M., Division of Highways, 
Public Works Bldg., 1120 N St., Saera- 
mento 14, Calif. 


Nasipak, Stephen, 612 E. Broad St., 
Elyria, Ohio 

Navarro, Benjamin, c/o National Irriga- 
tion Comm., Mexico, D. F. 

Nelson, George H., Law & Co., Engineer- 
ing Division, P. O. Box 1558, Atlanta, 
Ga. 

Nordness, E. L., City Hall, Water Dept., 
Madison 3, Wis. 


Norman, C. C., Box 1257, Clemson, 8S. C. 








10 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


Nunan, Edward J., 866 Ellicott Square, 
Buffalo 3, N. Y. 

Obermuller, J. H., Division of Highways, 
Public Works Bldg., 1120 N St., Sacra- 
mento 14, Calif. 

Odell, L. W., 1492 Hampton Rd., San 
Marino 9, Calif. 

Hugh E. Odor, Box 434, Coulee Dam, 
Wash. 

Oliver, Elmer L., 34 Court St., Rochester 
5 ee 

Pai, V. N., 1802 Kenyon St., N. W., 
Washington 10, D. C. 

Petersen, Perry H., National Bureau of 
Standards, Washington 25, D. C. 

Peterson, Lawrence E., 312 E. Wisconsin 
Ave., Milwaukee 2, Wis. 

Phillips, Orley O., 602 Insurance Bldg., 
Denver 2, Colo. 

Pierce, George, 730-34—19th St., Denver, 
Colo. 

Pikoos, Abraham, 813 West St., Wilming- 
ton 43, Del. 

Piper, J. D., Portland Cement Assn., 
Tower Petroleum Bldg., Dallas 1, Texas 

Porter, Hayden 8., c/o Ford, Bacon & 
Davis, Engineers, Inc., Charleston 1, 
W. Va. 

Prevost, Edouard, Beauharnois Power 
Company, Beauharnois, Que., Canada 
Purandare, N. N., 4 Chowpatty Sea Face, 

Bombay 7, India 

Purcell, Robert P., 185 Tulip Ave., Floral 
Park, N. Y. 

Qayum, Abdul, 605 E. Healey, Cham- 
paign, Ill. 

Quade, Charles O., 619 S. Mont Clair, 
Dallas 11, Texas 

Quinones, Miguel A., 9 San Rafael St., 
Stop 25, Santurce, Puerto Rico 

Quires, Mario, P. O. Box 1285, San Jose, 
Costa Rica 

Rasmusson, Irvin §., 1956 Hudson, 
Denver 7, Colo. 

Ready-Mix Concrete, Inc., P. O. Box 4198, 
Santurce 48, Puerto Rico. (Francisco 
M. Rexach) 
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Reed, Frank A., Sycamore Drive, White 
Oak Heights, Pittsburgh 9, Pa. 

Reese, Allen M., 1931 Sussex Pl., Toledo, 
Ohio 

Rhodes, Theodore, 1250 Vallejo St., San 
Francisco, Calif. 

Richardson, George 8., 1420 Park Bldg., 
Pittsburgh 22, Pa, 

Rippey, Glenn, 1308 First Nat’l Bldg., 
Oklahoma City, Okla. 

Roberts, R. A., Portland Cement Associa- 
tion, 522 Boston Bldg., Denver 2, Colo. 

Roberts, W. W., 5851 Mariemont Ave., 
Cincinnati 27, Ohio 2 

Robinson, John W., 1361 E. 47th Place, 
Chicago 15, Ill. 

Rogers, Lawrence W., 5213 Kimbark Ave., 
Chicago 15, Ill. 

Rollins, Carl M., Plasticrete Corp., 1883 
Dixwell Ave., Hamden, Conn. 

Rosner, Max, 201 N. Wells St., Chicago 6, 
Ih. 

Ross, J. G., c/o C. F. Braun & Co., 1000 
S. Fremont, Alhambra, Calif. 

Ruby, J. W., 7839 Santa Fe Ave., Hunt- 
ington, Park, Calif. 

Ruiz-Castillo, Humberto, Calle Santiago 
#7, Ciudad Trujillo, Rep. Dominicana, 
WwW. 1. 

Ruiz, Samuel Ferreira, Comision Nal. de 
Irrigacion, Tecali, Pue., Mexico 

Ryan, F. H., Portland Cement Association 
Hurt Bldg., Atlanta 3, Ga. 

Rye, Hilary F., ¢/o Michigan State High- 
way Dept., Lansing, Mich. 

Sachter, Nat. S., 1520 Glencoe St., Denver 
7, Colo. 

Samford Jr., Amos C., 1622 8S. Court St., 
Montgomery, Ala. 

Schickel, Norbert H., 423 Oak Ave., 
Ithaca, N. Y. 

Schwertner, C. H., 1220 Hamilton St., 
Philadelphia 23, Pa. 

Scott, E. T., P. O. Box 1352, Fresno, Calif. 

Schega, Reynaldo, ¢/o National Irrigation 
Com., Mexico, D. F. 

Sechrist, W. C., Frederick Snare Corp., 
P. O. Box 733, Havana, Cuba 
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Seeger, O. H., 41 Aldrich Road, Columbus 
2, Ohio 

Shun-Chi, Chu, 337 E. William St., Ann 
Arbor, Mich. 

Sill, Joseph, National Testing Labora- 
tories Ltd., 223 James St., Winnipeg, 
Man., Canada 

Skeggs, Jno. H., State Division of High- 
ways, Box 3366 Rincon Annex, San 
Francisco 19, Calif. 

Smariga, Julian E., 1407 Newton St., N.E., 
Washington 17, D. C. 

Smith, F. F., 745 Locust St., 
Colo. 

Smith, Myron M., 516 Boissevain Ave., 
Norfolk 7, Va. 

Snider, W. 

Sorribas, Manuel Anaya y, c/o National 
Irrigation Comm., Mexico, D. F. 

Sowers, George B., Drilled-in Caisson 
Corp., 155 E. 42nd St., New York 17, 
m, 2. 

Standley, J. G., Division of Highways, 
Public Works Bldg., 1120 N St., Sacra- 
mento 14, Calif. 

Stokes, R. C., 309 Burt 
Texas 

Strickland, W. C., 
Houston, Texas 

Sullivan, E. Q., 247 Third St., P. O. Box 
231, San Bernardino, Calif. 

Surkamp, Harry B., 7242 8. Roeland Blvd., 
St. Louis 21, Mo. 

Syme, William J., 176 Gloucester St., 
Christchurch Cl, New Zealand 

Taylor, Mark D,, Jr., 2027 Oregon Ave., 
Klamath Falls, Ore. 

Terry, Allen, c/o R. W. Frank & Company 
118-130 South 5th West St., Salt Lake 
City, Utah 

Tom, David, 2911 Koali Road, Honolulu 
36, Hawaii 

Tuck, Frank Sweeney, Normac, Inc., P. O. 
Box 470, Huntington Park, Calif. 

Uhr, Saul, 3000 Connecticut Ave., N. W., 
Washington 8, D. C. 

5530 N. Neenah Ave., 


Denver, 


E., Western Springs, IIL. 


Bldg., Dallas, 


7018 Sidney St., 


Uitti, George L., 
Chicago 31, Dl. 


Van Flandern, R. F., 379 South Island, 
Rocky River 16, Ohio 

Vickery, J. W., Division of Highways, 
Public Works Bldg., 1120 N St., Sacra- 
mento 14, Calif. 

Vinsonhaler, Russel, U. S. 
Reclamation, Antioch, Calif. 

Vorrath, Edgar §S., 509 Hillsdale Ave., 
Hillsdale, N. J. 

Votaw, F. E., Portland Cement 
ciation, 10 High St., Boston, Mass. 

Wade, Harold M., 5174 Village Green, 
Los Angeles, Calif. 

Wakeman, Henry K., 4014 Redding Rd., 
R.F.D. 1, Westport, Conn. 


Bureau of 


Asso- 


Walker, Gordon H., 1937 Ottawa Dr., 
Toledo 6, Ohio. 
Wallace, E. E., District Engr., State 


Division of Highways, 1365 Harbor St., 
San Diego, Calif. 

Wallace, Paul M., U. 8. Bureau of Recla- 
mation, Denver 2, Colo. 

Wambold, Edgar M., 201 N. Broad St., 
Philadelphia 7, Pa. 

Wang, Chung-Han, c/o Mr. V. C. Hare, 
TVA, 605 Union Building, Knoxville, 
Tenn. 

Ward, George W., Inorganic Chemistry 
Research, Midwest Research Institute, 
4049 Pennsylvania, Kansas City 2, Mo. 

Weinbaum, Alexander, 17 Hosheah St., 
Geulah Quarter, Jerusalem 

Weskopf, 45 West 45th St., New York, 19 
Pls. Be 


Weller, Simon T., Veterans Administration 


Branch #11, 1703 Exchange Bldg., 
Seattle 4, Wash. 
Wanger, E. C., Portland Cement Asso- 


ciation, 33 W. Grand Ave., Chicago 10, 
Ill. 
Wentworth, Mr. E. J., 1006 Travis Bldg., 
San Antonio 5, Texas 
Wetherby, Mr. J. P., Box 24, Ottawa, IIL. 
Whitman, Wright, 22 Emerald St. §., 
Hamilton, Ont., Canada 
Whitmore, A. Hugh, U. 8. 
Reclamation, Terry, Mont. 


Bureau of 
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Whitmore, C. H., California Division of 
Highways, P. O. Box 911, Marysville, 
Calif. 

Whittaker, John D., 41 
Ottawa, Ont., Canada 

Wiel, Kurt, City Engineer, Miles City, 
Montana 

Willard, James A., Apartado Postal No. 
280, Guatemala City, Guatemala, C. A. 

Williams, G. M., U. 8. Public Roads 
Administration, 855 Phelan Bldg., San 
Francisco 2, Calif. 

Willoughby, L. T., 318 Shelly 
Vancouver, B. C., Canada 


Lambton Rd., 


Bldg., 


Wilson, Richard H., Division of Highways, 
Public Works Bldg., 1120 N St., Sacra- 
mento 14, Calif. 

Withycombe, Earl, 266 Public 
Bldg., Sacramento 14, Calif. 


Works 
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Witulski, Henry 8., 39 Crosby Ave., 
Brooklyn By BRACE 
Wolff, Joseph P., Commissioner, Dept. 


Bldgs. & Safety Engr., 555 Clinton St., 
Detroit 26, Mich. 

Wright, J. G., 748 Coventry Rd., Berkeley 
8, Calif. 

Yen, C. H., c/o Mr. Nelson, 


teclamation, Amarillo, Texas 


Bureau of 

Young, L. R., Morrison-Knudsen Co., 
Boise, Idaho 

Young, Ray A., Charles R. Watts & Co., 
4121—6th Ave., N. W., Seattle 7, Wash. 

Yount, W. Ray, 419 Third National Bldg., 
Dayton 2, Ohio 

Zaiser, Marl E., 1731 Ainslie St., Chicago 
40, Ill. 

Zern, R. A., 
19, Pa. 


508 Third Ave., Pittsburgh 





WHO'S WHO in 


this JOURNAL 





Harold E. Wessman 


studied civil engineering at the Univer- 
sity of Illinois (B.S., M.8., C.E 
Ph.D.); taught structural engineering 
at his Alma Mater, at the State Univer- 
sity of lowa, at the Ministry of Railways 
University in Shanghai, China, and at 
New York University, where he is now 
Chairman of the Department of Civil 
Engineering. 


. and 


In addition to early experience on high- 
ways in Illinois, he has bad extensive de- 
sign experience with the Park Commis- 
sion, Chicago, and with Waddell and 
Hardesty, Consulting Engineers, New 
York City, on long-span and movable 
bridges. He is also in consulting practice 
in New York City. 


Professor Wessman is a Member of the 
American Concrete Institute (since 1936); 
the American Institute of Consulting En- 
gineers, of which he was President in 1944, 
the American Society of Civil Engineers, 
the Society for the Promotion of Engineer- 
ing Education, Sigma Xi, and Tau Beta 
Pi. His paper “Reinforced Columns Un- 


der Combined Compression and Bending,” 


appears on p. L. 


Mack Tyner 
author of a paper on “Effect of Moisture 
Limerock 


(p. 9) is Associate Research 


on Thermal Conductivity of 
Concrete”’ 
Engineer in the Florida Engineering and 
Industrial Experiment Station, University 
of Florida, Gainesville, where he has been 
working on the 
Limerock 


utilization of Florida 


as a concrete aggregate. He 
graduated from the University of Florida 
in 1938 and from the University of Cin- 
cinnati in 1941 with chemical engineering 
as his major field. His professional ex- 
perience has been in industrial research. 
He is a member of Sigma Xi, Sigma Tau, 
Phi Kappa Phi, and the American Insti- 
tute of Chemical Engineers. 


Raymond E. Davis, Wilson C. Hanna 
and Elwood H. Brown 


are co-authors of the paper “Cement In- 
vestigations for Boulder Dam—Results of 
Tests on Mortars up to Age of 10 Years” 
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(p. 21). Raymond EK. Davis is Professor 
of Civil Engineering, Director of the En- 
gineering Materials Laboratory of the 
University of California, and consulting 
engineer on various public and _ private 
projects in the United States and Canada. 
He is Past President of the Institute and a 
member of the Board of Direction since 
1930, member of the Publications Com- 
mittee, chairman of Department 200, 
member of the Advisory Committee since 
1929 (Chairman 1939-44), member of 
various technical committees, chairman 
of Committee 207 on Properties of Mass 
Concrete, and author of numerous papers 
which have appeared in the Journal. He 
has twice been named a Wason medalist. 

Graduating from the University of 
Maine in 1911 with B. 8. degree, Professor 
Davis headed West, teaching at the 
University of Illinois 1911 to 1918 where 
he received his M.S. degree in 1916. After 
a year at the University of Nebraska as 
associate professor of civil engineering he 
moved on to his present position at the 
University of California in 1920. In 1936 
the University of Maine awarded him the 
honorary degree, Doctor of Engineering 
Early experience in railroading and water 
power development shifted to an interest 
in concrete as a result of the “Talbot in- 
fluence” at the University of Illinois. 

In addition to his membership in the 
ACI since 1926, Professor Davis has the 
following affiliations: Fellow of the Ameri- 
ean Association for the Advancement of 
Science, Member of the American Society 
of Civil Engineers, San Francisco Engi- 
neers Club, East Bay Engineers Club, 
Faculty Club, Bohemian Club, Common- 
wealth Club, Sigma Xi, Tau Beta Pi, 
Delta Sigma Chi, Chi Epsilon. 


Wilson C. Hanna, member of the 
American Concrete Institute for the past 
twenty years and, a member of Com- 
mittee 207 (Properties of Mass Concrete), 
for over forty years engaged in the manu- 
facture of Portland cement and a con- 
sultant on concrete practice, is Chief 
Chemist and Chemical Engineer with the 
California Portland Cement Company, 


Colton, California, a pioneer cement pro- 
ducer in the west. 


Although this is his first appearance as a 
Journal author, Mr. Hanna is the author 
of papers concerning cement manufacture, 
chemical methods, ete., and discussions 
in Proceedings of American Society for 
Testing Materials on methods of testing 
and properties of cements and aggregates, 
He is a member of the Board of Directors 
of the American Society for Testing Ma- 
terials, Chairman of A.S.T.M. Committee 
C-1, and Chairman of A.S.T.M. Com- 
mittee C-9. Mr. Hanna is also a member 
of the General Technical Committee of the 
Portland Cement Association, member of 
the American Institute of Chemical En- 


gineers and other scientific societies 


Klwood H. Brown, an ACI member since 
1933, graduated in civil engineering from 
the University of California in 1928. 
Following graduation he spent two years 
as computer and office assistant in engi- 
neering field offices at Pardee and Hogan 
Dams, and one year as computer and 
dredge inspector for the U. S. Engineer 
Department on construction of the Stock- 
ton Deepwater Channel. Since 1931, has 
been a member of the research staff of 
the Engineering Materials Laboratory at 
the University of California as assistant 
research engineer and later research en- 
gineer on a number of the extensive con- 
crete research programs there conducted. 


Mr. Brown is co-author of A.S.T.M. 
papers entitled “Plastic Flow and Volume 
Changes of Concrete,’’ and ‘‘Some Factors 
Influencing the Bond Between Concrete 
and Reinforcing Steel.” 


He isa member of Sigma Ni. 


Herman Schorer 


has been an ACI member since 1935 
and is a member of Committee 323, 
Prestressed Reinforced Concrete. His 
paper on page 49 is his second in recent 
years on prestressed concrete to appear 
in the JouRNAL. (See p. 493 V. 39, June 
1943). 
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Honor Roll 


February 1 to July 31, 1946 


Here is the record of membership-con- 
scious Members (Feb. 1 to July 31, 1946) 
to account for many of the 334 new Mem- 
bers announced p. 4 to 12. 





T. E. Stanton takes the lead at the 
halfway mark for the Feb. 1, 1946 
Feb. 1, 1947 honor roll with 22 members. 
J. L. Savage is second with 13 and W. H. 
Price and E. W. Thorson are tied for third 
place with seven each. The scores are for 
the period February 1, to July 31, 1946. 


a ee enema... .... 5... 
a ee 
Walter H. Price...... 


E. W. Thorson...... 


Anton Rydland...... 

Charles E. Wuerpel... 
Jacob Fruchtbaum... 
C. C. Oleson......... 
Karl W. Lemcke..... 


James A. McCarthy 


K. E. Whitman ..... 


Hernan Gutierrez .. 
E. F. Harder..... 


A. Amirikian......... 
Birger Arneberg...... 
D. R. Cervin......... 
C. A. Hughes........ 
Martin Kantorer......... 


James J. Pollard.... 


F. E. Richart........... 


A. J. Boase.......... 
T. F. Collier... 
Miguel Herrero... 
E. M. Rawls......... 
Wm. R. Waugh.. 
Rene L. Bertin..... 
Emil W. Colli..... 


Aloysius E. Cooke...... ; 


H. M. Hadley..... 
Issac Hausman.... 
Denis O. Hebold.. 


Robert L. Mauchel... 
Newlin D. Morgan... 


J.J. Mullen..... 


Henry Pfisterer...... sis 
Raymond C. Reese...... 


R. D. Rogers...... 


Sees... 
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Posey 3. Tamoenini............4...2 

Lewis H. Tuthill........... 2 

I. L. Tyler. . 2 

Stanton Walker.... 2 

B. G. Anderson 1% 
R. H. Bogue 1% 
R. W. Crum 1% 
H. J. Gilkey... ; 1% 
E. J. Glennan....... Pi te 1% 
F. N. Menefee..... 1% 
John J. Murray..... 1% 
R. D: Reder........ 1% 
N. L. Shamroy...... 14 
Thomas C. Shedd 1% 
A. L. Strong. . 1% 
C. S. Whitney....... 1% 
Paul W. Abeles. . . a. e l 


Julius Adler... 1 
Kasim Atlas. l 
J. F. Barbee. . l 
Hugh Barnes. . . 1 
J. F. Barton... l 
H. J. Bateman. l 
F. J. Beardmore. . 1 
R. F. Blanks.... l 
H. A. Bradt. .. 1 
J. M. Breen . l 
S. D. Burks... 1 
M. E. Capouch.. . l 
W. A. Carlson... I 
Frank W. Chappell. l 
Anthony D. Ciresi 1 
A. R. Collins... . 1 
John Conzelman. . . l 
Holly A. Cornell . l 
G. H. C. Crampton .. . I 
Raymond E. Davis. l 
Charles A. Daymude.. . l 
F. K. Dienboll. . 1 
C. T. Douglass. . l 
Clifford Dunnells. 1 
H. B. Emerson. . 1 
D. W. Faison...... I 
H. F. Faulkner..... 1 
Jess Fellabaum.... l 
Alexander Foster. . 1 
Herman Frauenfelder . l 
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Ray C. Giddings. . . 
D. E. Gondolfi.. . . 
L. E. Grinter. . 


Elliott A. Haller... .. 


M. J. Hawkins... 
Elmo Higginson..... 
Frank R. Hinds... . 
G. H. Hodgson..... 
W. M. Honour. 

O. W. Irwin.... 


Alberto Dovali Jaime. 


R. O. Jameson. 

W. W. Johnson... 
Wm. R. Kahl.. 

R. R. Kaufman. . 
Edward F.. Keniston. 


Henry L. Kennedy. .... 
T. R. 8S. Kynnersley. . 


Guy H. Larson... 
H. Walter Leavitt 
Bartlett G. Long 
F. A. Luber..... 


James E. McClelland. 


F. R. MeMillan. . 
M. J. MeMillan. 


Edward P. MeMullin. . 


F. R. MacLeay.... 
D. G. Marler. . 
Charles Miller. . . 
Hugh Montgomery 
Ben Moreell. 

I, Narrow . 

Philip Paolella. 

D. FE. Parsons 

Y. G. Patel 

J. C. Pearson. 

A. F. Penny. 
Richard L. Pinnetl. . 
Harry W. Piper 

C. J. Posey 


Herman G. Protze, Jr... 


C. C. Pugh 

Erik Rettig 

George P. Rice. 

E. O. Rosberg... .. 
Moe A. Rubinsky. . 
Arthur Ruettgers. . 
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J. Antonio Thomen. . 
H. F. Thomson.... 


J. W. Tinkler. . 
Hugh F. Tolley. . 
Bailey Tremper. . 


Harold C. Trester. . 
John Tucker, Jr.. .. 


Oscar J. Vago 

W. W. Warzyn 
David Watstein. . 
Piers M. Williams 


George C. Wilsnack... . 


Ralph E. Winslow 
Douglas Wood. 
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The following credits are, in each in- 
stance, “50-50” with another Member: 


A. Arnstein 

J. B. Baird 

Michel Bakhoum 
Sabahattin Basman 
Paul L. Battey 

E. Ben-Zvi 

E. O. Bergman 
Joseph M. Body 
Ernest L. Brodbeck 
Fred Burggraf 
Fred Caiola 

Miles N. Clair 
Chas. A. Clark 

A. B. Cohen 

Sam Comess 

W. A. Coolidge 

R. A. Crysler 

G. J. Durant 

E. E. Edwards 

A. C. Eichenlaub 
Axel Erikeson 
Harry R. Erps 
Cevdet Erzen 

E. E. Evans 

K. P. Ferrell 

G. V. Gezelius 

E. Gonzalez-Rubio 
Howard A. Gray 
Per O. Hallstrom 
Hunter Hanly 
Shortridge Hardesty 
H. L. Henson 
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Is your name listed as having 
John A. Ruhling. . . 


G. R. Schneider. . . 
John C. Seelig. . .. 


joined the effort to increase 


the ACI audience ?? 
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Res ee 
Maximilian Toch 


a member of the Institute since 1906, and 
one of a very few whose membership dates 
back prior to 1910, died May 28, 1946 in 
his eighty-second year, after a crowded 
career in a wide variety of activities. 


Born in New York City on July 17, 
1864, Maximilian Toch studied both 
chemistry and law at New York Univer- 
sity, and won a law degree in 1886. Later 
he took post-graduate courses in chemis- 
try and engineering at Columbia, and 
later at the College of the City of New 
York. From 1919 to 1924, Dr. Toch was 
Adjunet Professor of Industrial Chemistry 
at Cooper Union. In 1924 he went to 
China, to become Honorary Professor of 
Chemical Engineering and Industrial 
Chemistry at the University of Peking 
In the same year, the latter university 
awarded him the degree of Doctor of 
Science. Dr. Toch was the author of 
several books in this field, including “The 
Chemistry and Technology of Paint’ and 
“The Protection and Decoration — of 
Concrete,” 


Many of Dr. Toch’s important contri- 
butions in paint technology were asso 
ciated with his work for the United States 
Government. In World War f, he de 
veloped the Toch camouflage system for 
the entire eastern seaboard, He Wis 
responsible for the invention of the 
United States Navy battleship gray paint 
formula. He also prefected the cement 
filler used in the Panama Canal, as well 
as the integral waterproofing incorporated 
in the construction of numerous U. 8, 
Navy drydocks, Dr. Toch was largely 
responsible for the introduction of China 
wood oil into this country. 


He had been for many years president 
and chief chemist of Toch Brothers Ine., 
well-known manufacturers of technical 
paints, In addition, he served as board 
chairman of the Standard Varnish Works 

Dr. Toch, in addition to his outstanding 
professional attainments as a chemist and 
engineer, had won worldwide recognition 
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in the diligent pursuit of his hobbies 
principally photography and art. 

For many years Dr. Toch held the 
post of Professor of Artistic Painting at 
the National Academy of Design In 
addition to his membership in the AC] 
he had the following society affiliations: 
Member, American Society Civil Engi- 
neers; Army Ordnance Association; So- 
ciety of American Military Engineers; 
American Chemical Society; American 
Institute of Chemical Engineer; cllow of 
the American Association for the Ad- 
vancement of Science; American Associa- 
tion of Arts and Science; Fellow of the 
New York Microscopical Society; Fellow 
of the Chemical Society of London; So- 
ciety of Chemical Industry, London; 
Fellow of the Royal Photographie Society 
of London; and the Photographic Society 
of America 

As an example of his remarkable range 
of interests he was an active member of 
the Society of American Magician 

On the social side, Dr. Toch was also a 
member of the Cosmos Club of Washing- 
ton, D. C. and the Bungalow island Club 
of Portland, Ontario 


Toch was a great warm hearted human 


But above all, Dr, 


being who will be long remembered with 
affection by everyone who had the rood 


fortune to know him. 


H. B. Dickens 


has resigned his position as supervising 
structural engineer for the Department of 
Public Works, Ottawa, Ont., and has 
opened a consulting office specializing in 


modern concrete des ign 


Planning small houses 

A revised edition of the Federal Hous- 
ing Administration's bulletin, “Principles 
of Planning Small Houses,’”’ has just been 
printed and is available free to architects 
and builders at local FHA field offices, 


Othera may obtain copies for ten cents 
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each from the Superintendent of Docu- 


ments, Government Printing Office, Wash 
ington 25, D. C 


The booklet takes the place of the 


original Bulletin No. 4, published in 1940, 


which proved by far the most popular of 


FHA technical publications. More than 
850,000 copies were distributed before it 
was withdrawn for revision by the FHA 
Underwriting Division 


The chief purpose of the ‘Technical 
Bulletin No. 4, is to stimulate and en 
courage the designing of modest type 
homes at reduced cost without sacrifice 
of comfort and convenience or sound con 
struction and reasonable maintenance 
expense, The FHA advocates reduction 
of building cost by effective pace 
economy rather than by chreapening con 


struction through use of inferior materials, 


In the suggested plans illustrating the 
text of the bulletin, space economy 1 
accomplished through compact arrange 
ment of rooms v hich meet TAIPEI SIZ 
generally considered essential. Local 
preferences, which vary from one part of 
the country to another with re pect to 
room sizes, storage facilities, and other 
matters of plan arrangement, are re 
flected in FILA planning requirements for 
various states and districts. 


fecause of these variations, no dimen 
sions or other details have been indicated 
for the plan arrangements shown in the 
bulletin For the same reason, minor 
modifications may be required to effect 


compliance with local FILA requirement 


Plans shown in the bulletin have not 
been sufficiently developed to serve as 
drawings from which to build or as ex 
hibits for submission to FHA in connec 
tion with applications for mortgage in 
surance Information re pecting the re 
quirements for such exhibits may be ob 
tained from local FILA field office 


FHA recommends to those who con 
template building at minimum expense 
that designs of the house and appurten 
ances be the product of competent 
architect 


German high early strength cement 


A “high early strength’? cement used 
for construction work in Germany is 
described in a report now on sale by the 
Office of Technical Services, Depart me nt 
of Commerce. ‘Tests made for the Ger 
man navy indicate that it is highly re 
sistant to sulfates and is mixable with 
water containing as much as 250 milli 
grams of carbon dioxide per liter, 

The report was made by Lt. Cmdr. T 
M. Prentice for the U.S. Naval Technical 
\lission in Europe 

The cement is called “Schmelz” be 
ecnuse its ingredients are melted before 
being finely ground, It is composed of a 
mixture of calcium, aluminum, ferrou 
and silicon oxide 

“Schmelz”? cement costs three times as 
much as Portland cement, according to 


the report, and is used economically only 


when construction jobs require if pre in! 
chemical properties or high initial strength 
The cement can be poured with safety at 
temperatures down to minus 7C. Lt ean 


not be mixed with Portland cement be 
cause the heat given off in setting is so 
great that it breaks down the Portland 
cement 

The formula for the German cement 


and a brief description of its manufacture 


are contained in the report Also in 
cluded is a German test report on a 
ample of the cement for the German 
navy 

Order for the report (PB-22813; 


photostat, $1; microfilm, 50 cents; 7 
pages) should be addressed to the Office of 
‘Technical Services, Department of Com 
merce, Washington 25, D. C., and should 
be aecompanied by check Or Thoney order 
payable to the Treasurer of the United 


tate 


Mark your Calendar—ACI's 
43rd Annual Convention, at 
Cincinnati, Feb. 24-26, 1947. 
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Sources of Equipment, Materials, and Services 


A reference list of advertisers who participated in the Fifth 
Annual Technical Progress Issue of the AC] JOURNAL— 
the pages indicated will be found in the February 1946 issue 
and (when it is completed) in V. 42, ACI Proceedings. Watch / 
for the 6th Annual Technical Progress Section in the February 


1947 JOURNAL. 
Concrete Products Plant Equipment page 
Besser Manufacturing Co., 902 46th St., Alpena, Mich............6..00 2200 eee 436 


—Concrete products plant equipment, production 


Stearns Manufacturing Co., Inc., Adrian, Mich..........6 00. ccc cece cence ees 409 
—Vibration and tamp type block machines, mixers and skip loaders 


Construction Equipment and Accessories 


Atlas Steel Construction Co., 83 James St., Irvington, N. Y...........06 0000 eee. 495 
—Forms for concrete 


Blaw-Knox Division of Blaw-Knox Co., Farmers Bank Bldg., Pittsburgh, Pa. .....410-11 
—Truck mixer loading and bulk cement plants, road building equipment, buckets, 
batching plants, steel forms 


IE EEO OT SR RE Pe PT 452 

—Central mix, ready-mix, bulk cement and batching plants, cement handling 
equipment 

Chain Belt Co. of Milwaukee, Milwaukee, Wis.............. 60. c cece eee es 430-1 
—Mixers, pavers, pumps 

Electric Tamper & Equipment Co., Ludington, Mich...............6.00 00000 416-17 
—Concrete vibrators 

Flexible Road Joint Machine Co., Warren, Ohio..2.......00 00 ccc ce cee eee 432 
—Pavement joint and joint installers 

SENS SREP E COOP TITEL ETE TEER T EEE baévis ee 
—Unloading and conveying pulverized materials 

Heltzel Steel Form & Iron Co., Warren, Ohio... 0... eee eee 454-5 
—Pavement expansion joint beams 

Jaeger Machine Co., The, Columbus, Ohio............. 0.06.0 c eae 418-19 
—Concrete paving equipment 

C. S$. Johnson Co., The, Champaign, Ill................00 eee eee .. 448 
—Mixing plant equipment 

Koehring Co., Milwaukee, Wis... ......... 06 ce cece eee eens + sh oa 
—Tilting and non-tilting construction mixers 

Mall Tool Co., 7703 So. Chicago Ave., Chicago 19, Ill...........6000 000 eee 431 
—Concrete vibrators 

pee weenener CO., Dayion 1, ORIO..... cc ccs cc ricccsccccceess ' sues Oe 


—Concrete vibrators 








56-7 
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en meenntie Ce. Cienaian 06. 8. iicdsidcksiddsewbar ded ebscasveees 435 
Paving Mixers 

Richmond Screw Anchor Co., Inc., 816 Liberty Ave., Brooklyn 8, N. Y............ 456 
—Planned form work 

Viber Co., 726 So. Flower St., Burbank, Colif. ......... 00. ccc cece cece ee eees 499-3 


—Concreie vibrators 


Whiteman Manufacturing Company, 3249 Casitas Ave., Los Angeles Calif... ..444-5 
—Vibrating and finishing equipment 


Contractors, Engineers and Special Services 


American Concrete Institute, New Center Bldg., Detroit 2, Mich. ...........0... 465 
—Publications about concrete 


Kalman Floor Co., Inc., 110 E. 42nd St., New York 17, N. Y.........0 5c euee 420-21 
—Floor finishing methods 

Prepakt Concrete Co., The, and Intrusion-Prepakt, Inc., Union Commerce Bldg., 

ee ee ‘sad Gb M in elo udcoubigus teal Whaimeukia Saabs © 437-440 

—Pressure filled concrete 

Raymond Concrete Pile Co., 140 Cedar St., New York 6, BLY... 00... cee eee 414 
—Pile foundations 

Roberts and Schaefer Co., 307 No. Michigan Ave., Chicago 1, Ill..............- 427 
—Thin shell concrete roofs 

Scientific Concrete Service Corp., McLachlen Bldg., Washington, D. C............. 496 
—Mix controls and records 

Vacuum Concrete, inc., 4210 Sansom St., Philadelphia 4, Pa............c0eeeee 449-3 
—Forms and lifters with suction controlled concrete 

Materials 

Anti-Hydro Waterproofing Company, 265 Badger Ave., Newark N. J.........468-9 
—Waterproofing 

Calcium Chloride Assn., The, 4145 Penobscot Bldg., Detroit 26, Mich............ 420 
—Calcium chloride 

Concrete Masonry Products Co., 140 W. 65th St., Chicago, Ill............00000 ee 415 
—Non-shrink metallic aggregate 

Dewey and Almy Chemical Co., Cambridge 40, Mass...............00.00eeee 450-1 
—Aiir-entraining and plasticising agents 

re ose, Lie lee Memes OY. 5 icanca den ee «adivaitc Meds suahita eat 419 
—Waterproofing 

Hunt Process Co., 7012 Stanford Ave., Los Angeles 1, Calif................005 449 


—Curing compound 


Inland Steel Co., The, 38 So. Dearborn St., Chicago 3, Ill. ....... 0. ee ccc eee eee 446-7 
—Reinforcing bars 


Lone Star Cement Corp., 342 Madison Ave., N. Y 


bern ee ee MOTE 6 6 OVE Oe SUEZ ET 428-9 
—Cement performance data 
Master Builders Co., The, Cleveland, Ohio, Toronto, Ont.............00000 457-464 
—Cement dispersing and air-entraining agents 
Sika Chemical Corp., 37 Gregory Ave., Passaic, N. J.........e cece ce ceueeues 470-1 
—Waterproofings, plasticizer, and densifier 
United States Rubber Co., Rockefeller Center, New York 20, N. Y...............433 


Form lining 


Testing Equipment 


Baldwin Locomotive Works, Philadelphia 42, Pa........ \o grosra rd Gee Bier es 413 
Testing equipment 
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SYNOPSES of recent ACI Papers and Reports 





This listing of additions to Institute literature 

since February 1946, is a reminder of the 

availability of separate prints of Journal papers 
nd reports* 


PROPOSED MANUAL OF STAND- 
ARD PRACTICE FOR DETAILING RE- 
INFORCED CONCRETE STRUCTURES 


REPORTED BY ACI COMMITTEE 315 also with the = 
operation of the CONCRETE REINFORCING STEEL 
STITUTE—April 1946, p. 473-476 (V. 42). 


Announcement and description of a special book publi 
cation of the same title 

(Announcement currently available without charge-—the 
“Manual” itself, $2.50—to Members $1.50) 


MAINTENANCE AND REPAIR OF 
PORTLAND CEMENT CONCRETE 
oo) || re F 
A. A. ANDERSON—April 1946, pp. 477-492 (V. 42) 


Highway maintenance consists of routine maintenance 
which is carried on daily and special maintenance con 
ducted by appropriate intervals with specially trained 
crews-——the better the routine maintenance, the less gen 
erally, the special maintenance. 

Routine maintenance operations consist largely ot sealing 
cracks and joints against infiltration of dirt and water and 
maintaining that seal. Operations vary with types of 
joints and climatic and subgrade conditions. Mainten 
ance procedure for expansion joints filled with non-ex 
truding and extruding material, contraction joints, con 
struction joints and cracks, is described. 

Items of special maintenance are covered in considerable 
detail as they generally require more engineering super 
vision. 

Patching concrete pavements with concrete is best be 
cause, when properly done, patches are integral with 
the pavement and not interior to the original slab. Pro 
cedure and methods of construction, based on extensive 
experience records, are discussed under the headings 
slab thickness, removal of old slab, preparation of sub 
grade, materials and proportions of concrete, finishing 
and curing. 

**Mudiacking’’ and materials and mixtures for the slurries 
are outlined as a means of both raising settled slabs and 
minimizing and preventing damage from pumping slab 
ends. 

Methods and means of protecting existing concrete pave 
ments against surface scale where air-entraining portland 
cement was not used during construction are also outlined 


CURING CONCRETE WITH SEALING 
CIs 0 occ ccc ctet. scence e nM 


F. BLANKS, H. S. MEISSNER, and L. H. TUTHILL 

April 1946, pp. 493-512 (V. 42) 

Following a general discussion of the principles involved 
in the curing of concrete, methods are oresented for the 
effective use of sealing compounds for this purpose. In 
cluded are data for evaluating concrete curing by mem 
brane treatment, in terms of equivalent moist curing. The 
paper discusses preferred methods of curing by use of 
sealing compounds, and outlines a specification and 
acceptance test for their purchase 


RADIANT HEATING BY REINFORCED 


ce < | SPP PTT eer rrerere rok 


JOHN PR. NICHOLS—April 1946, pp. 513-516 (CV. 42) 
The question is examined whether the embedment of 
warm water pipes in structural concrete for the purpose 


* Unless otherwise noted separate prints are 25 cents each 
Starred items ® 50 cents 


of “radiant heating’ (or ‘panel heating’ as it is some 
times called) would endanger the integrity of the con 
crete. Some evidence is adduced in support of the ten. 
tative view that with reasonable restrictions on the in. 
stallation, the results would not be too bad 


THE EXPANSION TEST AS A MEAS. 
URE OF ALKALI-AGGREGATE RE- 
S| ere ree 
R. F. BLANKS and H. S. MEISSNER—April 1944 pp. 517. 
540(V, 42) 

Following the discovery that some aggregates are acted 
upon by cement of inordinate alkali content, it has become 
popular to make expansion measurements on specimens, 
incorporating the oftending materials, subjected to curing 
in closed, moisture-laden containers. From the inherent 
limitations of such a test and the variety of ways in which it 
has been conducted, there has accumulated much con 
flicting data, the differences of which are discussed and 
recommendations given for greater tolerance in the inter. 
pretation of results. A procedure is proposed for ap. 
praising the reactive potentiality of prospective aggre. 
gates 


CONCRETE AT ADVANCE BASES 49-91 
I. S. RASMUSSON—April 1946, pp. 541-552 (V. 49) 

Most of the advance base concrete work of the U, § 
Navy in the Pacific islands was done with coral aggregate 
because it was usually the only aggregate available 
Producing a concrete generally inferior to that made with 
crushed rock or sand and gravel aggregates, coral served 
its purpose admirably in the temporary construction re. 
quired in advance base planning. With proper selection 
and grading some corals will vield concrete with strengths 
little below that made of sand and gravel or crushed rock 


ASPHALTIC OIL-LATEX JOINT- 
SEALING COMPOUND............42-22 
BRYANT W. POCOCK— June 1946, pp. 565-580 (V. 49) 


The development of asphaltic oil-latex compounds for 
use in sealing expansion joints in concrete pavements is 
discussed. Laboratory tests devised by the Michigan 
State Highway Department for evaluating these seals are 
described and results of field installations in Michigan 
are reported. Tentative Michigan specifications for this 
type of seal are given 


PETROGRAPHY OF CONCRETE 
IEA. 650134. ..04.00'0,03.4.0000 
ROGER RHOADES and R. ¢ MIELENZ— June 1946, pp 
581-600 (V, 42) 


Serviceability of a concrete aggregate depends upon the 
manner in which it joins with cement to determine the 
quality of concrete. Yet, standard acceptance tests do 
not measure properties which are directly responsible for 
performance of aggregates enclosed in concrete, new 
methods of aggregate investigation are needed. & 
perience shows that petrographic study can supply valuable 
information ona routine basis, and that, wherever possible, 
ordinary acceptance tests should be supplemented by 
examination by a petrographer familar also with problems 
of concrete, The significant properties of aggregates are 
discussed, and methods of petrographic study of aggregates 
are described. 

An extensive bibliography is appended and referenced in 
the text forthe benehit of readers, especially petrographes, 
wishing to explore further the concepts treated only 
briefly in this paper 


ENTRAINED AIR IN CONCRETE... . 42-24 
A SYMPOSIUM—June 1946, pp. 601-604 (V, 42) 


(Foreword toa eee of 14 papers, as listed 42-25 to 3 
on air i ted at the 42nd Annual Ad 
Convention, Buffalo, . YY. , Feb. 19, 1946) 
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ENTRAINED AIR—A FACTOR IN 
THE DESIGN OF CONCRETE MIXES. . 42-25 
W, A. CORDON—June 1946, pp. 605-620 (V. 42) 


Concretes containing air-entraining agents are being 
extensively employed in present day construction, and as 
entrained air alters many of the basic properties of con 
crete mixes such as water requirement, sand requirement, 
workability, etc., a series of 102 trial mixes was made to 
establish procedures for designing and adjusting concrete 
mixes containing entrained air. Useful data have been 
established from this set of tests which should facilitate the 
adjustment and design of air-entrained concrete and also 
esiablish a basis for further investigation. 


RECENT EXPERIENCES WITH AIR- 
ENTRAINING PORTLAND CEMENT 
CONCRETE IN THE NORTHEASTERN 
EL, a istn basa eae Shee amet . « -42-26 
L, £. ANDREWS—June 1946, pp. 621-624 (V. 42) 


Describes preliminary studies and current practice, in the 
northeastern states in the reduction of frost action on con 
crete paving and other projects (roads, streets, airport 
pavements and hangars, bridges and buildings), mix design 
methods of determining air content and field control 
Specifications tend to limit air content to 3 to 6 per cent, 
rather than fix amount of air-entraining agent used 


EXPERIENCES WITH AIR-ENTRAIN- 

ING CEMENT IN CENTRAL MIXED 
ET nse 5 cmacen ed ieeenaeee 
— FOSTER, Jr.—June 1946, pp. 6295-628 (V 
4 


Reports studies by Warner Co. with central-mixed con 
crete using air-entraining cement over a 2'4-year period 
following experimental work, more than 30,000 cu. yd 
of air-entraining concrete, chiefly of low-slump, plastic 
mix were used for pavements and other highway work 
Studies included effect of truck-mixer or agitator action 
closed drum and open top equipment, on hauls up to 45 
minutes. No significant differences in slump or air en 
trainment (244 to 3 per cent) was found The chief 
problem is in added storage requirements to meet specif 
cations permitting no admixtures and those demanding air 
entrainment 


STUDIES OF CONCRETE CONTAIN- 
ING ENTRAINED AIR..............42-2 


STANTON WALKER and DELMAR L. BLOEM—June 
1946, pp. 629-640 (V. 42) 


Problems of air entrainment in concrete have been partic 
viarly interesting to the ready-mixed concrete industry 
which has to meet a wide variety of specification require 
nents. This prompted exploratory studies in the Research 
Laboratory of the National Ready Mixed Concrete 
Association. Data are reported on pe of entrained air 
on compressive strength and mixing water requirements 
Other factors eaten are; mixing time, grading of 
aggregate, temperature, ratio of sodium hydroxide to 

insol resin, comparisons of fresh and hardened concrete 
and air content at different depths of concrete 


HOMOGENEITY OF AIR-ENTRAIN- 
ING CONCRETE..... ceeaddoudcdws ect 
HENRY L. KENNEDY—June 1946, pp. 641-644 (V. 42) 


Reports studies of the homogeneity of air-entraining con 
crete by means of a test for resistance to abrasion. An 
dir-entraining agent was used with no added accelerators, 
dispersing agents or gas forming materials. ‘‘Since air 
entrainment a a tendency to eliminate bleeding of con 
trete it is only reasonable to believe that such concretss 
Gfe more homogeneous . . the top surface (of a slab) 
would have the same strength and density characteristics 
asthe bottom surface." Plotted data show that there is 
progressive increase in abrasion loss in specimens as air 
content increases beyond 6 per cent 


METHODS OF ENTRAINING AIR IN 
CETTE a> <a. 05 pins ot 4 ante ne aioe ae 
E. W. SCRIPTURE, Jr.—June 1946, pp. 645-648 (V. 42) 
Discusses methods for and mechanisms of air entrainment 
in concrete mixes. Methods include use of aluminum 
and hydrogen peroxide for entrainment of hydrogen or 
oxygen, respectively; use of cement dispersing agents, 
perhaps protective colloids. Data are reported to record 
the relation of air content to durability as determined by 
freezing and thawing. 


EFFECT OF AIR ENTRAINMENT ON 
STONE SAND CONCRETE..........42-31 
A. T. GOLDBECK— June 1946, pp. 649-656 (V. 42) 

A limestone sand which had been used with indifferent 
success in pavements and other structures, prompted a 
series of tests by National Crushed Stone Association, to 
improve workability and durability of concrete in which 
this aggregate was used. Results with and without Vinsol 
resin as an air-entraining agent were favorable to the 
use of the admixture. Data reported include materials, 
mix design, freezing and thawing tests. 


A METHOD FOR DIRECT MEASURE- 
MENT OF ENTRAINED AIR IN CON- 
CU es cit oneness weds tole one 00.665se 


W. H. KLEIN and STANTON WALKER—June 1946, pp 
657-668 (V. 492) 


Since the amount of air entrained in concrete is of major 
importance and the methods now in use to determine that 
amount have inherent objections, the pressure method, by 
application of Boyle's law, has advantages. The Klein 
air meter is described, following tests by Pennsylvania 
Dixie Cement Corp. and National Ready Mixed Concrete 
Association The paper presents a description, with 
illustrations, of the Klein air meter, the test procedure, 
calculation of air content and calibration of meter and 
presentation of data on the use of the method 


AUTOMATIC DISPENSING EQUIP- 
MENT FOR AIR-ENTRAINING 
EE eso 
R. R. KAUFMAN—June 1946, pp. 669-672 (V. 42) 


Automatic dispensing equipment is described as a means 
of getting an admixture into the concrete mix, at the 
mixer, with all the accuracy desirable 


MECHANICAL DISPENSING DEVICES 
FOR AIR-ENTRAINING AGENTS... .42-34 
E. M. BRICKETT—June 1946, pp. 673-676 (V. 42) 


Several devices for accurate measurement of liquid ad 
mixtures as introduced into the concrete batch at the mixer 
are described and illustrated, with special reference to 
air-entraining agents as used in ready-mix and concrete 
products plants and on paving jobs. Since the quantity 
of the solution is relatively small, accuracy is important 
for uniform results 


A SIMPLE ACCURATE METHOD FOR 
DETERMINING ENTRAINED AIR IN 
poo ce 6 > ee Sl 
S. W. BENHAM—June 1946, pp. 677-680 (V. 42) 

A short paper with subject matter as described in the title 


EFFECT OF USE OF BLENDED CE- 
MENTS AND VINSOL _ RESIN- 
TREATED CEMENTS ON DURABILI- 
TY ..GP COSC Ee oc cc escdiccaudath eet 
W. F. KELLERMANN-—June 1946, pp. 681-688 (V. 42) 


Presents a part of the results obtained from an investiga 
tion of the durability of concrete, by the Public Roads 
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Administration using blends of portland cements with 
natural cements (86 per cent and 14 per cent by weight, 
respectively) and Vinsol resin-treated cements. Results 
presented in this contribution have a bearing on resistance 
to freezing and thawing tests, especially because of un- 
usual results of a prolonged interruption of the daily 
freezing and thawing cycle. 


AIR-ENTRAINING CONCRETE— 
PENNSYLVANIA DEPARTMENT OF 
PONE ob ocbnsapeseciecen cece co4QeD? 
W. H. HERMAN—June 1946, pp. 689-696 (V. 42) 


The experiences of the Pennsylvania Department of High- 
ways with air-entraining concrete in which 331,555 bbl. 
of normal strength portland cement containing Vinsol 
resin were used since 1940, are reported. The Pennsyl- 
vania department's attitude on the subject of air entrain- 
ment is characterized by more concern with the particular 
admixture used than with the percentage of air entrain- 
ment and such use was inspired by difficulties with finer 
ground cements which prompted seeking an additive to 
improve pavement durability. 


PORTLAND-ROSENDALE CEMENT 
BLENDS GIVE HIGH FROST RESIST- 
PTB cccccccssccccccccvccccccccc c48-38 
B. H. WAIT—June 1946, pp. 697-700 (V. 42) 


Results are reported on numerous paving jobs in north- 
eastern states, in the support of the use of portland cement 
blends as a means of reducing disintegration from frost 
action where the air entrained averaged about 1 per 
cent only. Results were satisfactory and the weight of the 
concrete vas higher than for straight portland-Vinsol 
resin mixes. 


THE REPAIR OF CONCRETE: AN 
INTRODUCTION—................+-42-39 
RODERICK B. YOUNG—June 1946, pp. 701-708 (V. 42) 


The repair of concrete structures is an engineering prob- 
lem, each job containing the elements of diagnosis, treat- 
ment and execution. eet is essential to devising 
successful repair. Treatment may mean the correction of 
faults of design, materials, workmanship; protection against 
destructive agents and exposure; restoration of decay; ora 
combination of these. The execution of repair may some- 
times use methods of expediency rather than logic—a 
compromise between what one would like and what 
one can do. The paper considers the more common 
agents destructive to concrete and is a brief introduction 
to an important subject. 


BEHAVIOR OF CONCRETE STRUC- 
TURES UNDER ATOMIC BOMBING. . 42-40 
E. H. PRAEGER—June 1946, pp. 709-720 (V. 42) 


The destruction wrought by atomic bombing of the Jap- 
anese cities, Hiroshima and Nagaski, August 1945 is out- 
lined, with an analysis of typical damage within areas 
with respect to “zero point.” The survival of certain 
modern buildings of reinforced concrete and composite 
construction is noted with interest. The paper discusses 
principles and procedures of design necessary to resist 
attacks by these special new weapons. 


REINFORCED CONCRETE COLUMNS 
UNDER COMBINED COMPRESSION 
AND BENDING................++6+ 43-1 
HAROLD E. WESSMAN—Sept. 1946, pp. 1-8 (V. 43) 


Algebraic methods available heretofore for the analysis 
of the reinforced concrete column subject to combined 


compression and bending have usually involved the soly. 
tion of a complex cubic equation and have taken cop. 
siderable time when applied to particular problems. A 
new method of successive approximations converging 
rapidly to an exact answer and avoiding the use of the 
cubic equation is presented in this paper. The key tothe 
method is the reciprocal relationship existing between 
the load axis and the neutral axis ot the transformed see. 
tion. The method may be applied to any shape of cross 
section and any arrangement of reinforcing steel, provid. 
ing there is one axis of symmetry and the plane of bending 
coincides with this axis. The ene behind the method is 
presented and illustrated with three typical problems. 


EFFECT OF MOISTURE ON THERMAL 
CONDUCTIVITY OF LIMEROCK 
ee le | See jekewsseccad 43-2 
MACK TYNER—Sept. 1946, pp. 9-20 (V. 43) 


The coefficient of thermal conductivity, k, of limerock con. 
crete is a function of temperature, composition and density 
or moisture content. No attempt has been made to 
measure the effect of temperature on k. Holding the 
temperature reasonably constant, the effect of composi- 
tion on k has been measured for two limerock concrete 
mixes (1:5 and 1:7 by volume). The 1:5 mix has a k that 
is 10 per cent larger than the k for the 1:7 mix. 

With the temperature and composition held constant, 
the effect of moisture on k for the 1:5 and 1:7 mixes has 
been measured. The moisture content has a very profound 
effect on k, e.g. increases of moisture from zero to 5 per 
cent increases the k of 1:5 mix by 23 per cent and from 
zero to 10 per cent increases the k by 46 per cent. Con. 
cretes should be kept dry if their maximum heat insulation 
effect is desired. 


*#& CEMENT INVESTIGATIONS FOR 
BOULDER DAM—RESULTS OF 

TESTS ON MORTARS UP TO AGE 

OF 10 YEARS 26... ccccccccccccees . 43.3 


RAYMOND E. DAVIS, WILSON C. HANNA and 
ELWOOD H. BROWN—Sept. 1946, pp. 21-48 (V. 43) 


The effects of composition and fineness of the laboratory 
cements employed in cement investigations for Boulder 
Dam upon strength, volume changes, and sulfate resistance 
of mortars, are reported for ages up to 10 years. For both 
wet and dry storage conditions, factors for each of sev- 
eral ages are given which indicate the contribution of 
each of the four major compounds present in rtland 
cement to tensile and compressive strengths and volume 
changes. 


*x ANALYSIS AND DESIGN OF ELE- 


. MENTARY PRESTRESSED CONCRETE 


cad cineca tuteenes sa eehe . 43-4 
HERMAN SCHORER—Sept. 1946, pp. 49-88 


The purpose of this paper is to outline the analysis and 
design of elementary prestressed concrete members, such 
as beams, columns, ties, etc., subjected to internal and 
external axial] forces and bending moments. The internal 
stresses, caufed by the action of the prestress forces, are 
combined with the stresses due to external loads in three 
typical loading stages. The first stage considers the stress 
condition resulting from the simultaneous application of all 
sustained loads. The second stage determines the stress 
changes due to normal live loads, based on a truly mono- 
lithic participation of the entire concrete area. The third 
stage assumes a cracked tension zone, which condition 
introduces the derivation of ultimate stresses and clari 
the influence of the prestress action on the type of failure 
The analytical expressions are simplified by means of 
convenient ratios, which essentially define the sectional 
shape, the effective steel prestress, and the concrete fiber 
stresses. Numerical examples serve to illustrate the various 
steps. 
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ACI publications in large current demand 


Proposed Manual of Standard Practice for Detailing Reinforced 
Concrete Structures (1946) 


Reported by ACI Committee 315, Detailing Reinforced Concrete Structures, Arthur J. Boase, 
Chairman, this book reached the top of the ACI “‘best seller’ list within one month of its distri- 
bution to all ACI members in good standing in July 1946. It is a large format, bound to lie flat 
and presents typical engineering and placing drawings with discussion calling attention to 
important considerations in designing practice. It was prepared to simplify, speed, and effect 
standardization in detailing. It is believed to be the only publication of its kind in English. It 
is meeting wide acclaim among designers, draftsmen and in engineering schools. Price—$2.50; 


to ACI Members—$1.50. 
ACI Standards—1945 


148 pages, 6x9 reprinting ACI current standards: Building Regulations for Reinforced Con- 
crete (ACI 318-41); three recommended practices: Use of Metal Supports for Reinforcement 
(ACI-319-42); Measuring, Mixing and Placing Concrete (ACI 614-42), Design of Concrete 
Mixes (ACI 613-44); and two specifications: Concrete Pavements and Bases (ACI 617-44) and 
Cast Stone (ACI 704-44)—ail between two covers, $1.50 per copy—to ACI Members, $1.00. 


Air Entrainment in Concrete (1944) 


92 pages of reports of laboratory data and field experience including a 31-page paper by 
H. F. Gonnerman, “Tests of Concretes Containing Air-entraining Portland Cements or Air- 
entraining Materials Added to Batch at Mixer," and 61 pages of the contributions of 15 parti- 
cipants in a 1944 ACI Convention Symposium, “Concretes Containing Ajir-entraining Agents,” 
reprinted (in special covers) from the ACI JOURNAL for June, 1944. $1.25 per copy, 75 
cents to Members. 


ACI Manual of Concrete Inspection (July 1941) 


This 140-page book (pocket size) is the work of ACI Committee 611, Inspection of Con- 
crete. It sets up what good practice requires of concrete inspectors and a background of 
information on the ““why’’ of such good practice. Price $1.00—to ACI members 75 cents. 


"The Joint Committee Report’ (June 1940) 


The Report of the Joint Committee on Standard Specifications for Concrete and Reinforced 
Concrete submitting “Recommended Practice and Standard Specifications for Concrete and 
Reinforced Concrete,” represents the ten-year work of the third Joint Committee, consisting 
of affiliated committees of the American Concrete Institute, American Institute of Architects, 
American Railway Engineering Association, American Society of Civil Engineers, American 
Society for Testing Materials, Portland Cement Association. Published June 15, 1940; 140 
pages. Price $1.50—to ACI members $1.00. 


Reinforced Concrete Design Handbook (Dec. 1939) 


This report of ACI Committee 317 is in increasing demand. From the Committee's Fore- 
word: ‘One of the important objectives of the committee has been to prepare tables covering 
as large a range of unit stresses as may be met in general practice. A second and equally 
important aim has been to reduce the design of members under combined bending and axial 
load to the same simple form as is used in the solution of common flexural problems.” —1392 
pages, price $2.00—$1.00 to ACI members. 


For further information about ACI Membership and Publications (including pamphlets 
presenting Synopsis of recent ACI papers and reports) address: 


AMERICAN CONCRETE INSTITUTE New Center Building Detroit 2, Michigan 
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ACI Standards—1945 


(collected in one publication) 


Standards of the American Concrete Institute adopted since the 
inauguration of the current procedures for their consideration and 
promulgation under the supervision of the Standards Committee are 
available in a single publication, as reprinted from the Journal of 
the American Concrete Institute, June 1945, pages 559-704. Each 
Standard is also available in a separate print. New editions of 
the collected ACI Standards will be issued as rapidly as is justified 
by the completion of technical committee work. Some of the 
present Standards have had some few editorial revisions. They 
include changes in the substance of the texts as approved by the 
ACI Conventions which adopted them and as subsequently ratified 
by letter ballot of the AC] Membership. 

Not included are “proposed standards” presented in 
recent years, nor proposed or ratified Standards prior 
to 1937. Some of the latter will have thorough review 


and eventually come before the Institute for further con- 
sideration. The book contains 


Pages 
Building Regulations for Reinforced Concrete (ACI 318-41)....... 559-620 
Recommended Practice for the Use of Metal Supports for 
Reinforcement (ACI 319-42)..... ccc cece eeeeeeeeees 621-624 
Recommended Practice for Measuring, Mixing and 
Placing Concrete (ACI 614-42).....c0ccceeeeceseeceeceees 625-650 
Recommended Practice for the Design of Concrete Mixes 
Se Te ee nec eavecees 651-672 
Specifications for Concrete Pavements and Bases (ACI 617-44).... 673-700 
Specification for Cast Stone (ACI 704-44).........cceceeeeecees 701-704 


(148 pages in covers $1.50—to ACI Members $1.00) 





These Standards are also available in separate prints in covers at 50 
cents each (cheaper in quantity and to ACI Members) except that ACI 
319-42 and ACI 704-44, not in covers, are 25 cents each. 
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Studies of the Physical Properties of Hardened Portland 
Cement Paste* 


By T. C. POWERST 


Member American Concrete Institute 


and T. L. BROWNYARDt 


IN NINE PARTS 


Part1. A Review of Methods That Have Been Used for Studying the Physical Properties 
of Hardened Portland Cement Paste 

Part 2. Studies of Water Fixation 
Appendix to Part 2 

Part 3. Theoretical Interpretation of Adsorption Data 

Part 4. The Thermodynamics of Adsorption 
Appendix to Parts 3 and 4 

Part 5. Studies of the Hardened Paste by Means of Specific- Volume Measurements 

Part 6. Relation of Physical Characteristics of the Paste to Compressive Strength 

Part 7. Permeability and Absorptivity 

Part 8. The Freezing of Water in Hardened Portland Cement Paste 

Part 9. — Summary of Findings on the Properties of Hardened Portland Cement 

aste 


SYNOPSIS 


This paper deals mainly with data on water fixation in hardened port- 
land cement paste, the properties of evaporable water, the density of 
the solid substance, and the porosity of the paste as a whole. The 
studies of the evaporable water include water-vapor-adsorption char- 
acteristics and the thermodynamics of adsorption, The discussions in- 
clude the following topics: 

1. Theoretical interpretation of adsorption data 
The specific surface of hardened portland cement paste 
Minimum porosity of hardened paste 


Relative amounts of gel-water and capillary water 


1 & cS to 


5. The thermodynamics of adsorption 
6. The energy of binding of water in hardened paste 
7. Swelling pressure 


*Received by the Institute July 8, 1046-——scheduled for publication in seven installments; October 1946 
to April, 1947 

tManager of Basic Research, Portland Cement Assan. Research Laboratory, Chicago 10, Il 

tNavy Dept., Washington, D, C., formeriy Research Chemist, Portland Cement Assn. Research Labora- 
tory, Chicago 10, Il 
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8. Mechanism of shrinking and swelling 
9. Capillary-flow and moisture diffusion 
10. Estimation of absolute volume of solid phase in hardened paste 
11. Specific volumes of evaporable and non-evaporable water 
12. Computation of volume of solid phase in hardened paste 
13. Limit of hydration of portland cement 
14. Relation of physical characteristics of paste to compressive 
strength 
15. Permeability and absorptivity 
16. Freezing of water in hardened portland cement paste 


FOREWORD 


This paper deals with the properties of hardened portland cement 
paste. The purpose of the experimental work on which it is based was to 
bring to light as much information as is possible by the methods of colloid 
chemistry and physics. Owing to the war, the original program, which 
included only a part of the field to be explored, was not completed. More- 
over, the interpretation of the data is incomplete, partly because of the 
inability of the authors to comprehend their meaning, and partly be- 
cause of the need of data from experiments yet to be made. 

Although the work is incomplete, it represents a considerable amount 
of time and effort. Experimental work began in a small way in 1934 
and continued until January 1943. Some additional work was done in 
1945 during the preparation of this paper. The first three years was a 
period of intermittent work in which little of permanent value was 
accomplished beyond the development of apparatus and procedures. 
This phase of the work presented many problems, some of which have 
never been solved to our complete satisfaction. 

The interpretation of the results of experiments also presented many 
difficulties. During the course of our experiments, important new 
developments in colloid science were coming to light through a series of 
papers from other laboratories. It was necessary to study these papers 
as they appeared and to seek their applications to our problems. The 
result is that the theory on which much of our present interpretation is 
based is one that did not exist when our work began and is one that is 
still in the process of development. The reader may note that many of 
the papers referred to in Part 3 were not published until 1940 or later. 

The theory referred to is that of multimolecular adsorption by Bru- 
nauer, Emmett, and Teller as first given in 1938 and as amplified in 
the paper by Brunauer, Deming, Deming, and Teller in 1940. In justifi- 
cation for the use of such a recent and unfinished development, we may 
note in tne first place that a remarkable number of papers by various 
authors have appeared since 1940 strongly supporting the kind of use 
that we have made of the theory, particularly the estimation of surface 
area. In the second place, the basic conclusions reached through the 
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use of the theory might have been reached from a strictly empirical 
analysis of the data. However, it is difficult to imagine how a picture of 
the hardened paste as detailed as the one presented in this paper could 
have been drawn without adopting theoretically justified assumptions. 


The paper is composed of nine parts. Part 1 contains a review of 
previous work done in this field and discusses various experimental 
methods. Part 2 elaborates on the principal method used in the present 
study, namely, the measurement of water-fixation. It also presents the 
empirical aspects of the data so that the reader may become familiar 
with facts to be dealt with. 


Part 3 presents the theories upon which an interpretation of the data 
in Part 2 can be based. It gives also a partial analysis of most of the 
experimental data given in Part 2 in the light of the adopted basis of 
interpretation. Part 4 is a discussion of the thermodynamics of moisture- 
content changes in hardened paste and the phenomena accompanying 
those changes. It is thus an extension of the earlier discussion of theory. 


In Part 5 data are presented pertaining to the volumes of different 
phases in the paste. The interpretation of these data involves the use of 
factors developed in the preceding parts of the paper. The final result 
is a group of diagrams illustrating five different phases, the relative 
proportions of each, and how those relative proportions change as 
hydration progresses. 


The relationship between the physical characteristics of the hard- 
ened cement paste and compressive strength of mortars is discussed in 
Part 6. <A similar discussion of permeability and absorptivity is given 
in Part 7. 

A study of the freezing of water in hardened paste is presented in 
Part 8. The conditions under which ice can exist in the paste are de- 
scribed and empirical equations are given for the amounts of water that 
are freezable under designated conditions. 


The properties of portland cement paste as they appear in the light 
of these studies are described in Part 9. This part amounts to a summary 
of the outcome of the study, at its present incomplete stage, without 
details of experimental procedures, or theoretical background. 


As mentioned in the first paragraph, a particular point of view as 
to the meaning of the data has been adopted. Specifically, we have 
assumed, on the basis of evidence given in the paper, that the various 
phenomena discussed are predominantly of physical rather than chemical 
nature. The result of the study therefore constitutes a hypothesis, or 
series of hypotheses, rather than a rigorous presentation of established 
facts. Considering the present state of our knowledge, we)believe this 
policy to be more fruitful than one of trying to maintain a strictly un- 
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biased view as to the meaning of the data. As written, the paper repre- 
sents the thinking of one group of workers (influenced, of course, by 
many others), and it implicitly invites independent investigations of the 
same field by any who may have good reason to adopt a different point 
of view. To this end, we have appended tabulations of the original 
data. 


Though we thus concede the possibility of other interpretations, we 
nevertheless feel confident that a large part of the present interpre- 
tation will withstand logical criticism. However, it seems very likely 
that corrections and changes of emphasis will develop as experimental 
work continues, and as further advances are made in fundamental colloid 
science. 

The paper is directed primarily toward all who are engaged in research 
on portland cement and concrete. However, it may be of considerable 
interest to many who seek only to understand concrete as they work 
with it in the field. Studied in connection with earlier papers on the 
characteristics of paste in the plastic state,* this paper affords a com- 
prehensive, though incomplete, picture of the physical nature of portland 
cement paste. It, therefore, pertains to any phase of concrete technology 
that involves the physical properties of the cement paste. This means 
that the paper should find application to most phases of concrete 
technology. 


For the most part, the reader will find few items of data that bear 
directly on specific questions or problems. Successful application of 
this study to research or practical technology requires some degree of 
comprehension of the work in its entirety. Consequently, it is not 
likely that a single, casual reading will reveal much that is of value to 
one not already familiar with the methods and background of this type 
of investigation. 
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in Part 5. Also, he helped prepare the discussion of thermodynamics in 
Part 4 and gave much valuable criticism of various other parts of the 
paper. 
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Part 1. A Review of Methods That Have Been Used for Studying the 
Physical Properties of Hardened Portland Cement 


CONTENTS 

Methods for studying the physical properties of the hardened paste 106 
Microscopic examinations... .. 106 
The light-microscope. . . 106 
The electron microscope. . 108 
X-ray examinations. . 109 
Water fixation. . 110 
Isotherms and isobars........ 110 
Binding of water in hydroxides. , . 110 
Water bound by covalent bonds. 110 
Water bound by hydrogen bonds 110 
Zeolitic water. . 111 
Lattice water... 111 
Adsorbed water. . . 112 
Interpretation of isobars... . 112 
Influence of surface adsorption. . 112 
Interpretation of isotherms. 116 
Isotherms of hydrates. . 116 
Isotherms of gels. . ee 

Water content vs. temperature curves (isobars) from hardened 
portland cement paste. . . 118 
Review of published data. . 118 
Discussion of isobars... . . 122 

Water content vs. vapor pressure curves at constant tempera- 
ture (isotherms)...... ree 124 
Relationship between isotherms and isobars. . 127 
Significance of isotherms... . 127 
Studies of water fixation by means of freezing tests. 128 
Summary of Part 1... 128 
References. . 131 


Starting as a suspension of cement particles in water, portland cement 
paste becomes a solid as the result of chemical and physical reactions 
between the constituents of the cement and water. A solidified paste of 
typical characteristics is capable of giving up or absorbing a volume of 
water equal to as much as 50 per cent of the apparent volume of the 
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paste. These facts engender the idea that whatever the chemical con- 
stitution of the new material produced by chemical reaction, the new 
material is laid down in such a way as to enclose water-filled, inter- 
connected spaces. That is, the hydration product appears to be not a 
continuous, homogeneous solid, but rather it appears to be composed 
of a large number of primary units bound together to form a porous 
structure. It seems self-evident that the manner in which the primary 
units are united, that is, the physical structure of the paste, is closely 
related to the quality of the paste and is therefore something about 
which we should be well informed. 

Freyssinet™* discerned the need for knowledge of paste structure 
and devised a hypothesis about the setting and hardening process and 
about the structure of the hardened paste. Giertz-Hedstrém,® an active 
contributor to this subject, has given an excellent review of publications 
on this subject. This review, together with Bogue’s® earlier one of a 
slightly different aspect of the subject, obviates the necessity of an ex- 
tensive historical review at this time. 

A program of studies of the properties of the hardened paste was 
begun in this laboratory in 1934. It has consisted mainly of studies 
of the fixation of water, but has also included measurements of the heat- 
effects accompanying the regain of water by the previously dried paste, 
measurements of the freezing of the water in the saturated paste, and 
various other related matters. 

This work has yielded a considerable amount of information on the 
physical aspects of hardened paste. It contributes to the knowledge 
of the chemical constitution of the hydration products only in a negative 
way; that is, it shows that some of the current information on the con- 
stitution of the hydration products must be incorrect. Later parts of 
this paper will give an account of these studies. 


METHODS FOR STUDYING THE PPASIEy PROPERTIES OF THE HARDENED 


The question of structure can be broken down into three parts: first, 
the question as to the chemical constitution of the hydration products, 
which includes the question of structure of the ultimate parts; second, 
the question of the structure of the smallest primary aggregations of the 
ultimate parts; third, the question of how the primary aggregations 
are assembled and how they are held together. A review of some of the 
work done by earlier investigators follows. 

Microscopic examinations 

The light-microscope. The effectiveness of the microscope as a means 

of studying the structure of the hardened paste is limited because the 


*See references end of Part 1. 
+See also the review by Giertz-Hedstr6m (Ref. 3). 
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units of the essential part of the structure are too small to be seen. 
The results obtained by Brown and Carlson™ are typical. They, like 
others, observed that the hardened paste is predominantly ‘‘amor- 
phous,”’ so far as the microscope can reveal. Embedded in this amor- 
phous mass are the remnants of unhydrated clinker grains, crystals of 
calcium hydroxide, and sometimes crystals of other compounds. 
Kiihl® reported that thin sections of hardened cement paste showed 

a residue of undecomposed cement particles, separated by a 
gray and only slightly differentiated mass which gives a feebly diffused 
luminescence in polarized light. Even under the highest magnification 
individual particles cannot be distinguished in this material, which is 
obviously almost entirely ultramicroscopic in structure.’”’ However, 
on examining the same specimens 20 years later he found that “. . . the 
passage of years had resulted in fundamental changes. No longer (was 
the material) uniform and only slightly differentiated under polarized 
light as was the case a few months after their preparation. They now 
showed a definitely increased (polarized-light) transmission and, most 
noteworthy of all, their properties were markedly different according to 
the percentages of water with which they had been gaged. The speci- 
mens gaged with the greatest amount of water showed the greatest 
changes while those mixed with the least water had undergone consid- 
erably less modification.”” The changes mentioned were such as to 
suggest that the originally colloidal material had gradually changed 
toward the microcrystalline state, the change being greater the higher 
the original water content. 


“ 


Useful information has been obtained by microscopic observations 
of the hydration of cement in the presence of relatively large quantities 
of water. But it is unlikely that the structure developed under these 
conditions is the same as that developed in pastes; hence, conclusions 
about the normal structure drawn from observations of this kind are 
open to question. For example, Le Chatelier™ observed that when a 
large quantity of water was used, needlelike crystals of microscopic 
dimensions soon developed. He concluded from this that similar, 
though submicroscopic, crystals developed under all conditions. 

Brownmiller® described the results of microscopic examinations of 
hardened paste by means of reflected light. The method is a modifica- 
tion of that described by Tavasci® and Insley“ for studying the con- 
stitution of clinker. In addition to the use of etchants to bring different 
phases into contrast, Brownmiller treated the surface with a dye which 
was taken up by the so-called amorphous material and the microcrystal- 
line phases. Although Brownmiller’s primary object was to develop 
the experimental technique, some of his conclusions concerning the 
nature of hardened paste and the hydration process are of considerable 
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interest. He found that there was 
channeling of water into the interior of cement particles to selectively 
hydrate any single major constituent. Hydration seems to proceed by 
the gradual reduction in the size of the particles as a function of the 
surface exposed.”’ This conclusion seemed to be based on the appear- 


no microscopic evidence of 


ance of the coarser particles that remained unhydrated after the first 
day. 

Brownmiller found that a Type III* cement having a specific surface of 
2600 appeared to be almost completely hydrated after one day in a 
sealed vial and six days in water. A Type I cement having a specific 
surface of 1800 showed an unhydrated residue of about 15 per cent after 
one day in a sealed vial and 28 days in water. The water-cement ratio 
of the original paste was 0.4 by weight in both cases. 

The only microcrystalline hydrate mentioned by Brownmiller was 
calcium hydroxide. This was found as clusters of fine crystals em- 
bedded in what Brownmiller called the hydrogel. 

Brownmiller found that the etched surface of the 7-day-old paste 
made of Type I cement showed “an extremely complicated but interest- 
ing structure. A close examination . . . shows that the cement hydrogel 
is not a formless mass but has an intricate structure.”’ 

The electron microscope. Witel®? used the electron microscope for 
photographing the hydration products of some of the constituents of 
portland cement. The article consulted gives almost no details concern- 
ing the method of preparing the samples that were photographed. It 
appears that the samples were taken from dilute suspensions of the 
hydrated material. Presumably, samples of Ca(O//). were taken from 
saturated or supersaturated ‘milk of lime’’ and hydration products of 
C;S and C,A from saturated solutions of water in isobutyl aleohol. The 
isobutyl alcohol was used to dilute the water and thus make possible a 
relatively high concentration of the solid with respect to water and at 
the same time a dilute suspension. Since the isobutyl alcohol was 
saturated with water, the chemical activity of the water was unaffected 
by the presence of the isobutyl alcohol, 

Several photographs of these preparations (magnifications ranging 
from 7200 to 36000) were published, ‘The Ca(O//), taken from milk of 
lime as well as that formed from the hydrolysis of CyS appeared as 
hemispheres ranging in size from about 0.1 to 0.5 micron. The caleium 
silicate hydrate appeared as thin crystalline needles about one-half 


*Hee A.S.'T.M, Designation C150-44 where five types of portland cement are defined as follows 


Type I For use in general concrete construction when the special properties specified for Types I, 
Itt, 1V, and V are not required, 
Type Il For use in general concrete construction exposed to moderate sulfate action, or where moderate 


heat of hydration ia required 

Il-—Por use when high early strength ia required 

V — For use when a low heat of hydration ia required 
Vor uae when high sulfate resiatance ia required 


Type l 
Typel 
‘Type 
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micron long. The C;A appeared mainly as rounded particles (‘‘roses’’) 
about 0.1 micron in diameter. Referring to these and apparently to 
other observations, Eitel concluded that although the hydration prod- 
ucts of portland cement are predominantly colloidal, they appear crys- 
talline—not amorphous—to the electron microscope. 

Sliepcevich, Gildart, and Katz,“” reported the results of attempts to 
photograph the hydration products of portland cement and the major 
constituents hydrated separately. Most of the photographs published 
were of samples prepared as follows: 0.5 to 0.75 g of portland cement or 
a cement constituent was mixed with about 10 ce of purified water and 
allowed to stand. At the desired age the specimen for photographing 
was obtained by taking a drop of the supernatant liquid and allowing 
it to evaporate on a collodion film previously prepared. The material 
on this film was thus whatever dissolved or suspended material the drop 
contained. 

In some respects the results were like those found by Eitel. Photo- 
graphs of calcium hydroxide appeared like those of Eitel but whereas 
Kitel concluded that the particles were hemispheres, Sliepcevich, Gildart, 
and Katz concluded that they were spheres. From each material the 
latter investigators usually foynd material of several geometric forms. 
Some of the material appeared amorphous and some crystalline. As 
did Kitel, those investigators found the majority of crystals to be in the 
colloidal size range. 

The significance of these results is open to question until it is known 
definitely just what relation the samples obtained in the manner de- 
scribed have to the hydration products making up the mass of a hard- 
ened cement paste. 

X-ray examinations 

The results of X-ray examinations were summarized by Giertz- 
HedstrOm"® as follows: ‘“‘X-ray examinations of hardened cement 
have so far given little beyond a confirmation of what has been shown 
by the microscope, The presence of clinker remains and crystallized 
calcium hydroxide is thus confirmed by Brandenburger.“® The strue- 
ture of the main mass, the ‘cement gel,’’ is, however, such as to give, 
at least for the present, no clear guidance in the X-ray diagrams. This 
may be due to its lacking a crystalline structure or other regular fine 
structure or to the crystals being so small or deformed (for example bent 
needles) that no definite interferences are obtained.” 

Bogue and Lerch” mention the use of X-ray analysis in connection 
With microscopic examination, The X-ray confirms the microscopic 
indication that unaltered beta or gamma dicalcium silicate remained in 
pastes after 2 years of curing. X-ray diffraction patterns from both 
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hydrated tricalcium silicate and hydrated dicalcium silicate showed at 
the end of 2 years no evidence of the development of a new crystalline 
structure such as would be expected if the hydrates were to change from 
the theoretically unstable gel state to the stable microcrystalline state. 
As mentioned above, evidence of the beginning of such a change within a 
period of 20 years was reported by Kihl. 


- Water fixation 

Because direct observation fails to answer many questions concerning 
the structure, properties, and behavior of hardened portland cement 
paste, indirect methods of study have been used. The principal one 
is that of studying the manner in which water is held in the hardened 
paste. 

Isotherms and isobars. The fixation of water by water-containing 
solids is usually measured in terms of the amounts of water held at 
various vapor pressures with temperature constant, or in terms of the 
amounts held at various temperatures with pressure constant. The 
curves obtained by the first method are called isotherms. Those ob- 
tained by the second method are called isobars. Both of these methods 
have been used in the study of hardened portland cement paste. The 
nature of the hydration or dehydration curve depends on the manner in 
which the water is combined and on other factors to be discussed. 

Binding of water in hydroxides. In metallic hydroxides, which repre- 
sent one class of compounds that may be included among hydrates, 
the elements of water are present as O//-groups that are strongly bound 
by the metallic ions. This is usually recognized in writing the formulas 
of metallic hydroxides; thus, calcium hydroxide is usually given the 
formula Ca (O//), rather than CaO./1,0. 

Water bound by covalent bonds, In many hydrates, the water molecule 
retains its identity to a large degree, i.e., //,0 is a unit in the structure, 
An example is MgCl,.6H,0. — In this hydrate the six molecules of water 
are bound to the magnesium ion by covalent bonds and are arranged 
around the magnesium ion in an octahedral grouping. ‘To indicate this, 
the formula should be written Mg(/1,0)@Ch, for this more nearly repre- 
sents the structure. 

Water bound by hydrogen bonds, ‘There is another type of compound 
in which the water molecule remains intact and is bound to the com- 
pound by one or both of its hydrogen atoms. ‘The molecules so held are 
said to be bound by hydrogen bonds. CuS0O,4.5//,0 and NiSO,71/,0 are 
hydrates in which one of the water molecules is bound in this way. 


+ * + + + 


Water held in a compound by any of the types of bond described 
above is properly regarded as being chemically bound, ‘The removal of 
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water from such hydrates necessarily gives rise to a new solid phase and 
hence the isotherms and isobars of these hydrates should show well 
marked steps in accordance with the phase rule. Fig. la gives, for 
example, the relationship between water content and vapor pressure for 
the hydrates of copper sulfate. 

4) tb) (<) Fig. 1 — Univariant and bivariant 


dehydration curves 


fe Isothermal p-x curve for CuSOu.5HrO 
b powers T-x curve for Cr(SO.)s.1 BHO 
The first 15H:O come off along a uni- 
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Zeolitic water, One type of microcrystalline hydrate, which com- 
prises the zeolites and several basic salts and hydroxides of bivalent 
metals, gives smooth isotherms or isobars. Fig. le is an example of an 
isobar from Cro(SO,4)3.15H,0. Water held in this type of compound is 
called zeolitic water. 

According to Emeleus and Anderson" zeolitie water is regarded 
as being packed between the layers of the crystal or in the interstices of 
the structure. <A distinguishing characteristic of zeolitic water is that 
it may be removed without giving rise to a new solid phase. Its removal 
may, however, change the spacing between successive layers of the 
crystal. 

Water held in such a way as to exhibit the behavior described above is 
sometimes referred to as being in a state of zeolitic solution or solid 
solution, (? 

Lattice water. Emeleus and Anderson“® distinguish a type of hydrate 
in which there is water of crystallization “that cannot be supposed to be 
associated chemically with the principal constituents of the crystal 
lattice.’”” As an example, they cite potassium alum, A Al(SO4)9.12H,0, 
There is little question that six of the twelve molecules of water are 
linked to the aluminum ion by covalent bonds, The remaining six mole- 
cules are known to be arranged octahedrally around the potassium ion 
but at such a large distance from it as to suggest to Emeleus and An- 
derson that the interaction is very weak and hence that the water is not 
chemically bound to the potassium ion, ‘This perhaps represents a 
borderline case between chemically bound water and zeolitic water, 
which is supposed not to be chemically bound. ‘The fact that exactly 
six molecules of water are associated with the potassium ion is accounted 
for by the geometry of the crystal lattice. The removal of these six 
molecules of water presumably gives rise to a new crystalline phase, 
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however, and hence the isobars and isotherms should be stepped. When 
more information on this type of hydrate becomes available, perhaps 
many of the examples cited will have to be placed in one of the classifica- 
tions listed above. 

Adsorbed water. In addition to any water held by the chemical forces 
mentioned above, a small amount per unit of surface is held by surface 
forces. These forces, physical rather than chemical, are known colleec- 
tively as van der Waal’s forces.“® If the specific surface of the solid 
phase is small, the amount so held is usually undetectable. But if the 
specific surface is very large, as it is for colloidal material, then physically 
adsorbed water can be a large fraction of the total held under given con- 
ditions; indeed, anhydrous solids such as quartz powder can hold rela- 
tively large amounts of water by surface adsorption if the powder is 
extremely fine. Zeclitic water can be regarded as adsorbed water, the 
“surfaces” in this case being certain planes in the crystal, as described 
above. The subject of adsorption will be treated much more fully in 
later sections of this paper. 


Interpretation of isobars 

Influence of surface adsorption. From what was said above it might 
appear that by means of isobaric or isothermal dehydration data water 
held in microcrystalline hydrates could readily be distinguished from 
that held as zeolite water, in solid solution, or by adsorption. It will be 
developed below that such a distinction can be drawn under some 
circumstances but not under others. The complication can best be 
illustrated by describing the work of Hagiwara.“® Theoretically, the 
vapor pressure of the water in a very small crystal of a hydrate should 
be greater than that of a larger crystal of the same substance at the 
same temperature. Consequently, a mixture containing various sized 
crystals should exhibit a range in vapor pressures according to the range 
in particle size. Practically, the effect is not noticeable unless the 
particle size range extends into the range of colloidal dimensions. Theo- 
retically, very small natural crystals or very small fragments of large 
crystals should behave similarly, though not necessarily identically. 
Consequently, the results of experiments with preparations made by 
pulverizing macrocrystals should be indicative of the general effects of 
changing particle size and particle-size range. 

Hagiwara pulverized crystalline hydrates and obtained the isobar 
for each preparation. In one series of experiments, he used Al,03.3H.O 
prepared by the method of Bonsdorff.°” The original crystals were of 
microscopic size. The preparation was dried to constant weight in a 
desiccator over concentrated H,SO, to establish the initial water content, 
which was determined by igniting a portion of the material. Samples 
thus dried were then heated in an electric oven at 100C for 30 minutes 
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after which they were cooled in a desiccator and weighed. Finally, the 
amount of residual water was found by ignition. This was repeated 
on other samples at temperatures ranging from 90 to 220C as indicated 
in Fig. 2. Heating at 170C and at higher temperatures was continued 
until further heating caused no more change in the dry weight. The 
total heating period at these higher temperatures was not less than 5 
hours and at 210C was 20 hours. 


Although the corners are somewhat rounded, there is a well defined 
step in the isobar* at approximately 205C, where the water content 
decreases from 3 molecules to one molecule. This is in good agreement 
with the result obtained by Weiser and Milligan.@” The rounded 
corner is the usual result in such experiments; very sharply defined 
corners are the exception. 
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2 Although the curves in Fig. 2 and 3 are called isobars and the text indicates that isobaric conditions were 
intended, it seems probable that isobaric conditions were not actually maintained. If the heating of the 
sample was done in an oven in the presence of room air, the actual vapor pressure in the oven would vary 
with the humidity of the room air and would be different at different temperatures. However, over the 
temperature range used in the experiment the variations in pressure were probably small. At any rate 
it is not likely that had strictly isobaric conditions been maintained the outcome would have been signifi- 
cantly different. 
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Hagiwara then ground a portion of the dried preparation in an agate 
mortar for 14% hours, using fine quartz powder as a grinding aid, thus 
greatly reducing the particle size. The experiments were repeated with 
this finely ground material with the results shown in Fig. 3, where the 
results shown in Fig. 2 are reproduced for comparison. A comparison 
of the curves in Fig. 3 shows three significant effects of reducing the 
size of the crystals: 

(1) All semblance of a step is absent in the curve for the finely ground 
sample. 

(2) The initial water content of the finely ground material is higher 
by 0.25 mole than that of the unground material. This additional water 
must have come from the atmosphere during the grinding. (The initial 
water content is that of the sample after it is dried to constant weight 
in a desiccator over conc. H2SO,.) 


(3) The water is lost from the finely ground sample at a much lower 
temperature than from the unground material. 

Hagiwara made a similar series of experiments with Fe.03.H20 with the 
results shown in Fig. 4. The curve for the unground macrocrystalline 
material shows a well defined step. The curve for “Grind A,”’ the 
shorter period of grinding, still shows a step though the corners are 
somewhat more rounded than for the unground hydrate’and the step 
occurs at a lower temperature. When the grinding was more pro- 
longed, “Grind B,” the step disappeared and the initial water content 
increased to 1.54 molecules. Grinding had little effect on the tempera- 
ture at which the final water content was reached. 

It appears from Hagiwara’s results that a hydrate in which the water 
is bound by chemical bonds may still yield a smooth isobar if the sample 
is made up of a mixture of particles of various sizes, the smallest particles 
being very small. This has a significant bearing on the interpretation 
of isobars in general. When a solid that has water for one of its con- 
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stituents yields a stepped isobar, it can usually* be concluded that the 
solid is a well crystallized hydrate. When, however, the isobar is a 
smooth curve without steps, it may represent a sample of the hydrate 
comprising particles of various sizes or it may represent a material in 
which the water is not bound by chemical bonds in the usual sense of 
this term. It appears also that a lack of steps in an isobar is not sufficient 
evidence that the hydrate has a zeolitic structure, for neither of the 
hydrates with which Hagiwara experimented was of that nature. 

The other effect of fine grinding, namely, the increase in the initial 
water content brought about by grinding, is fully as significant as the 
one just mentioned. It must be assumed that the water in excess of 
that required by the formula is held by forces of a kind different from 
those that hold the hydrate water. The effect is clearly a surface effect, 
for the initial water content is much higher after the longer period of 
grinding than after the shorter period. (Compare “Grind B” with 
“Grind A” in Fig. 4.) It seems reasonable to suppose that this excess 
water is held by adsorption forces, i.e., forees which reside in the sur- 
face of the crystal and which came into prominence after the specific 
surface of the hydrate had been greatly increased by grinding. 

This aspect of the effect of fine grinding is further emphasized by the 
results of experiments made by Kelley, Jenny, and Brown.®” These 
authors studied the effect of grinding on the isobars of clay minerals. 
See Fig. 5. The isobar for the 100-mesh sample shows a well marked 
step near 500C and thus gives unmistakable evidence that the mineral 
is a microcrystalline hydrates Comparing this with the isobar for the 
finely ground pyrophyllite, we see that the isobars are very nearly 


CE nnd 
*But not always. See remarks below on silicia gel. 
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identical above 400C. Each exhibits a well marked step; the steps 
occur at very nearly the same temperature; however, the height of the 
step is slightly less for the finely ground sample. Below 250C, the 
finely ground sample shows a larger water content than the 100-mesh 
sample. That is, just as with the materials Hagiwara used, after grind- 
ing there is initially a large amount of water in the finely ground sample 
in excess of the hydrate water represented by the nearly vertical portion 
of the isobar. This additional water must have been acquired from the 
atmosphere during grinding and must be held by some mechanism 
other than that which holds the hydrate water. It seems most unlikely 
that the excess water is zeolitic water, since fine grinding could hardly 
increase the total interplanar area of zeolite crystals. 

Interpretation of isotherms 

Isotherms of hydrates. The usual behavior of a hydrate when the 
water-vapor pressure around it is varied at constant temperature is 
illustrated in Fig. 6. This isotherm shows well defined steps with the 
corners slightly rounded, as indicated by the dotted lines. What the 
effect of pulverizing such material on the shape of the isotherm might 
be is not known directly from experiment, for apparently no experiments 
of this kind have been published. Presumably, a sufficient amount of 
grinding would produce a smooth isotherm, by virtue of the change in 
particle size and particle-size range. It might also be presumed that in a 
saturated condition thé minute crystals would retain more water than 
corresponds to the highest hydrate. These presumptions follow from 
considerations given above in connection with the isobars. 

Isotherms of gels. The appearance of a well defined step in the isotherm 
of a solid is not always positive proof of the existence of a hydrate of 
definite chemical composition. Fig. 7 illustrates this point.@® As the 
arrow indicates, the isotherm was obtained by progressively lowering 
the water vapor pressure. Just below a pressure of 4 mm Hg, the iso- 
therm becomes very steep, a fact which might be taken to indicate the 
existence of hydrates having the formulas Si02.14%H2O0 and SiO,.H,0. 
Fig. 8 shows the same isotherm as well as that obtained by progressively 
increasing the vapor pressure, the ‘‘rehydration isotherm”’ as it is some- 
times called. Note that the latter gives no evidence of a hydrate. Weiser, 
Milligan, and Holmes investigated this matter fully by preparing silica 
gel from the same materials at various temperatures ranging from 0 to 
100C and from other materials at various temperatures and under 
various conditions. Not all preparations exhibited the vertical section 
in the dehydration isotherm. Gels prepared at low temperatures ex- 
hibited a step at a higher water content than gels prepared at a high 
temperature. The samples prepared at 100C and aged at this tem- 
perature for a few hours, and hence under conditions favoring crystal 
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growth, gave no evidence of a step. No evidence of a step appeared 
in the rehydration isotherm of any preparation. No preparation gave 
evidence of crystallinity when examined by the electron diffraction 
method. These authors concluded that the step that occurs in the 
dehydration isotherm of some of the preparations is not evidence of the 
existence of a hydrate but is rather the result of a peculiarity of the 
physical structure of these gels. It follows from this conclusion that the 
structure of the gels prepared at low temperatures differs from that of 
the gels prepared at high temperatures, and there is evidence that this 
change in structure accompanying the increase in temperature of prep- 
aration is progressive. 

Fig. 8 illustrates also the phenomenon called “sorption hysteresis.”’ 
This will be discussed in another part of this paper. 


* + a * + 
The foregoing review shows that the interpretation of isobars and 
isotherms is not always a simple matter. Particularly, when the iso- 
therm is smooth throughout, alternative interpretations must be con- 
sidered carefully in the light of other pertinent information. 


Water content vs. temperature curves (isobars) from 
hardened portland cement paste 


Review of published data. In this laboratory Wilson and Martin 
obtained a group of isobars from hardened portland cement paste. The 
hardened paste was ground to pass the 28-mesh sieve and then was dried 
to constant weight at a constant temperature in a stream of air main- 
tained at 2 low, constant water vapor pressure by bubbling the air 
through concentrated sulfuric acid.* The dry sample was then ignited 
at 1000C and the loss on ignition was taken as the water retained at the 
temperature of drying. Various drying temperatures were used, ranging 
from 50 to about 600C.t The resulting isobars are given in Fig. 9. Lea 
and Jones) obtained the isobars shown in Fig. 10. These authors 
plotted the loss in water rather than the amount retained. 

In general those curves are not like those obtained from crystalline 
hydrates having definite amounts of water of crystallization. The nearly 
vertical rise in the curves between 400 and 450C, seen clearly in the 
curves of Lea and Jones, is attributed to the decomposition of Ca(OH)». 

Krauss and Jérns®®) obtained isobars for the hardened paste at a 
constant vapor pressure of 7 mm Hg by using the instrument shown in 
Fig. 11. The sample is placed in A, which can be detached from the 
rest of the apparatus and which serves as a weighing bottle in following 
the changes in weight of the sample. With A in place as shown, the 
~ #The air was freed of COs by suitable means to prevent carbonation. 


tThe procedure used does not maintain strictly isobaric conditions, for the pressure would vary with 
temperature. However, the pressure is so small under all conditions that variations can usually be neglected. 
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Fig. 9 — Effect of drying temperature on water retained, temperature range 50 to 600C 
Wilson and Martin, J. Am. Concrete Inst. v. 31, p. 272 (1935) 
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Fig. 10—Loss-on-heating curves for hardened 
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Fig. 11 - Krauss & Jorns’ Apparatus 


system is evacuated, thus removing water vapor as well as air. Periodi- 
cally, the removal of water is interrupted by closing the stopcock and 
the water vapor pressure is observed. If the equilibrium pressure ex- 
ceeds 7 mm //g, the value chosen by Krauss and Jérns, the stopeock 
is opened and more water is removed by pumping. ‘This process is re- 
peated until at room temperature the equilibrium vapor pressure of the 
sample is less than 7 mm Hg. The temperature of the sample is then 
slowly raised until the pressure is exactly 7 mm. The loss of water to 
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this point is determined by weighing A. 


Fig. 13 Isobar for 
portland cement paste 
obtained by Krauss and 
Jorns. 

Zement v. 20, p. 343 (1931) 


Beyond this point, water is 


removed in small amounts by evacuation and after each decrement the 
temperature of the sample is raised until the pressure is exactly 7 mm 


Hg. Thus, the isobar is obtained. 
Jérns are given in Fig. 12, 13, and 14. 
Vig. 12 represents ¢ 


The results obtained by Krauss and 


1 sample described as tricalcium silicate (CyS)* 


mixed with enough water to correspond with the formula 3Ca0O.Si0,.- 


2,0. 


The mixture was cured in saturated air 24 


hours before the 


measurements were started. There is a suggestion of a step in the isobar 


*Throughout this discussion the composition« of portland cements will be described in terma of the com- 


und composition computed by the methods of L, A, Dahl, Reck Produecta vy 
Jogue, Ind, Eng. Chem. (Anal, Ed.) v. 1 (4) p 
abbreviations will be used 


COW @« 8CaO.SiOs CyA @ 8CaO. Als 
CW = 2CaO0.SiOy CGAP @ AC a0, AlyOy, Few 


82 (23) p. 5O, (1020) and RL 
192, (1920) or PCAF Paper No, 21 (1920) 


The following 


On this basis the composition is computed on the assumption that the iron and alumina compunds are 


CAF and CsA, Swayne, Am, J. Sei. v. 244, pp 


1-30, 65-04, (10406) has recently shown that the iron oxide 


ocours in a phase having the general formula CeAsl (es) (in which « may vary from 0 to 2) which includes 


CAF an a apecial cane 
parta of thin paper may need recasting in different terme 


After it becomes possible to make allowance for this finding, discussions in later 


It seema unlikely, however, that any of the argu 
ments or deductions would be greatly altered, 
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near 100C and a prominent step near 350C. The latter probably repre- 
sents the decomposition of calcium hydroxide. A compound that might 
be represented by the break at 100C is not identified. Owing to the 
manner of its preparation (from a melt), the material thought to be 
tricalcium silicate was probably a mixture of dicalcium silicate and 
calcium hydroxide. 


Fig. 13 represents a paste cured 28 days in moist air. There appear 
to be numerous closely spaced steps in this isobar. Krauss and Jérns 
believed that these steps were sufficiently distinct to indicate the presence 
of several hydrates having definite chemical formulas. 


Fig. 14 represents a paste that had been cured several hours in boiling 
water* and then stored in the air of the laboratory for several years. 
As can be seen, the isobar has several well defined steps. 


Endell®” determined isobars for hardened paste, but he arbitrarily 
limited the heating period at any one temperature to one hour. There is 
evidence in his results that this was not always sufficient for the attain- 
ment of equilibrium. The isobars he obtained do not exhibit any features 
not exhibited by those reproduced in this paper. 


Meyers"*) published isobars for hardened pastes and for hydrated 
samples of the pure compounds C;S, C28, C3;A, C,AF, and CaO hydrated 
separately (Fig. 15). The samples were heated in a vacuum in which the 
water vapor pressure was maintained at about 0.1 micron. Under these 
conditions the dissociation temperature of calcium hydroxide was found 
to be about 380-400F (193-204C). Neat hydrated cement heated under 
the same conditions showed a step at about 430F; presumably the step 
was due to the decomposition of calcium hydroxide. The conditions 
described for the experiments were such as to suggest that the difference 
between the dissociation temperature of the sample of Ca(OH). and that 
of the Ca(OH). in the hydrated cement was probably due to a difference 
in vapor pressure, the pressure being higher under the conditions that 
prevailed when the hydrated cement was tested. 

The isobars for hydrated C3S and C.S show steps near 400F that may 
also be attributed to calcium hydroxide. The isobars for hydrate C;A 
and C,AF show a large step near 240F. 

Discussion of isobars. The data of Krauss and Jérns seem to indicate 
that hydrated cement contains a series of hydrates besides Ca(OH)s. 
However, the other curves, including those published recently by Meyers, 
indicate that the curves are smooth, except for one step in the neigh- 
borhood of 400F that is apparently due to microcrystalline Ca(OH )s. 

Since the structure of the hardened paste is predominantly of sub- 
microscopic texture, a smooth isobar is to be expected whether the 


*The specimen was a part used in the German Standard Test for Soundness. 
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hydration products are crystalline or not. As will be shown later, the 
specific surface of the hydrated material is so high that if the structure 
is of granular nature the granules must be of colloidal dimensions. If 
the particles were all of exactly the same size and constitution, a step in 
the isobar might be expected, despite the smallness of the particles. 
Without any a priori reason for assuming such uniformity in particle 
size, there is no basis for expecting anything but a smooth isobar except 
for the effect of calcium hydroxide already noted. 

In general the isobars do not tell much about the hydration products. 
However, when the isobars are considered together with the information 
obtained with the microscope and X-ray, they may be considered to 
show that the hydration products are, for the most part, not in the 
microcrystalline state. * 

Meyers’ data on the four compounds C;S, C.S, C3A, and C,AF hy- 
drated separately are of special interest. Note that both of the alumina- 
bearing compounds lost large amounts of water at about 250F. Since 
these two compounds usually constitute 20 per cent or more of the 
cement, a step on the curve for portland cement, or at least a sharp 
increase in slope, should occur at about 240F (116C) if those compounds 
are present in the hydrated cement. The fact that no such indication 
has been found can be taken as evidence that the hydration products of 
cement are not a simple mixture of the same hydration products that 
form when the compounds are hydrated separately; at least, they differ 
radically with respect to physical state, whether they do with respect 
to constitution or not. 

Water content vs. vapor pressure curves at 
constant temperature (isotherms) 

Jesser was apparently the first to study the relationship between 
water content and vapor pressure for hardened paste at constant tem- 
perature. He used the method of van Bemmelen,“” i.e., he left the 
specimens in a closed container over a solution of a salt or of //_SO, at 
constant temperature, until they reached equilibrium with the vapor 
pressure of the solution. Starting with the saturated condition, he 
progressively subjected the samples to lower and lower humidities, fi- 
nally drying them over concentrated H,SO,. He then subjected them 
to progressivly higher humidities, finally storing them over a solution 
having a relative vapor pressure of 0.98. After this he determined a 
second drying curve. His results are given in Fig. 16. 

BB rpm nn Lyle tee ph te pat 
particles visible with the light microscope. A colloidal material may exist as discrete partic les or as gels, 
the latter being regarded as aggregations of once discrete colloidal particles. The term ‘microcrystalline’ 
refers to ordered aggregations of molecules, atoms, or ions, at least large enough to be seen with a light 
microscope. The adjective ‘‘amorphous” is not used as the cunengm of “colloidal” for such usage tends 
to obscure the fact that colloidal particles may themselves be crystal line, that is, of ordered structure. The 


possibility of crystalline colloids has long been recognized by colloid chemists. The actual existence of such 
colloids has been demonstrated by means of the electron microscope.” 
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Jesser used prisms about 114x1x4 in. made of neat paste having a 
water-cement ratio of 0.25 by weight. On the average, he left each 
prism at a given humidity about six weeks and assumed that this was 
sufficient time for equilibrium to be attained. Experiments in this 
laboratory, in which prisms of smaller cross section (1x1 in.) having a 
higher water-cement ratio (and consequently, a higher drying rate) were 
dried over dilute //,SO, by much the same procedure, showed that 6 
More- 
over, In specimens as large as those used by Jesser, hydration of the 
cement continues at an appreciable rate at the higher relative vapor 
pressures, especially in specimens cured only three days. 
make the interpretation of his results difficult. 


weeks was insufficient for the attainment of constant weight. 


These facts 
The results are of in- 
terest none the less because they were the first to indicate the similarity 
between the behavior of the hardened paste and that of typically colloidal 
substances such as silica gel. 

One striking fact in Jesser’s results is that the first drying curve is not 


reversible. Work done in this laboratory confirms this. 
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Fig. 17 — Diagram for apparatus used b 


Hedstrom for determining isotherms for hardened 


cement paste 
Zement v. 20, p. 672 (1931) 
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Giertz-Hedstré6m®” published a number of isotherms for hardened 
paste. His procedure can be explained with the aid of Fig. 17. A pump, 
A, circulated air through a copper coil, B, a flow-meter, C, a wash bottle, 
D, and the sample-holder, F. The wash bottle, D, contained dilute 
H.SO, and was partly filled with glass beads. The manometer, G, 
measured the pressure drop across D and F. The apparatus, except for 
the pump, was kept at a constant temperature in an ‘air thermostat. A 
l-g sample of pulverized, saturated paste was placed in F, which was de- 
tachable and served as a weighing bottle. Air was passed through the 
sample until periodic weighing showed that it had reached constant 
weight. When this point was reached, the H,SO,-solution first used in 
D, which was made very dilute to give a high relative vapor pressure, 
was replaced by a more concentrated solution and the sample was dried 
to constant weight at the lower relative vapor pressure. This procedure 
was repeated with progressively more concentrated H,SO,-solutions, and 
ended with concentrated H2SO,, so that several points were obtained 
along the isotherm. Giertz-Hedstrém’s results are given in Fig. 18. 

Berchem®*® has published isotherms for hardened cement and for 
hardened specimens of three of the principal compounds of portland 
cement. His method was essentially the method of Giertz-Hedstrém. 
As shown in Fig. 19 he obtained no experimental points at vapor pressures 
above p = 0.63 pz. 

So far as the authors know, Jesser, Giertz-Hedstrém, and Berchem 
are the only investigators who have published isotherms for hardened 
portland cement pastes. * 

Relationship between isotherms and isobars. In general, isotherms and 
isobars give information about the fixation of different portions of the 
water in the hardened paste. The isotherms give information about the 
fixation of that part of the water that is evaporable at a constant tem- 
perature, usually near room temperature; the isobars, on the other hand, 
give information about the fixation of the water that is not evaporable 
at room temperature. An exception is the work of Krauss and Jérns who, 
instead of determining isobars at a very low water vapor pressure as is 
commonly done, determined isobars at a vapor pressure of 7 mm Hg. 
This corresponds to a relative vapor pressure of approximately 0.3 at 
25C. Thus, the range of their isobars overlaps the lower part of the 
isotherms given above as well as those determined in this laboratory. 

Significance of isotherms. The isotherms, like the isobars, indicate 
that the hydration products are predominantly colloidal. They can be 
interpreted so as to give information about the volume and surface 





*Geasner ™ has also studied the relationship between water content and relative vapor pressure of 
cement pastes. However, instead of determining a complete isotherm for a single sample, a different 
sample was used at each relative vapor pressure. Moreover, the procedure was such that the extent of 
chemical reaction and the water-cement ratio were different for each. Thus, many variables are involved 
and it is difficult to interpret the curves. 
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area of the solid phase and other significant features of the properties 
and behavior of hardened paste. The presentation of such data and their 
interpretation are the main purpose of this paper. 


Studies of water fixation by means of freezing tests 

Studies of water fixation by means of freezing tests in various materials 
such as soils and plants have been reported by several investigators. 
Similar studies of hardened portland cement paste were reported by 
Giertz-Hedstrém™) and by von Gronow™., With respect to this method 
Giertz-Hedstrém says: “In all these tests the treatment is compar- 
able with a reduction in water vapor pressure, that is to say, a form of 
drying out but with the addition of a different complication for each 
method,’’* 

In a later paper the work done in this laboratory on the freezing of 
water in hardened portland cement pastes will be described. 


SUMMARY OF PART 1 


The material presented in Part 1 attempts to review the most signifi- 
cant information obtained by other investigators on the physical prop- 
erties of hardened portland cement paste. It describes the experimental 
procedures and presents the test data of several important investigations. 


*Hee alao I’, M. Lea, Cement and Cement Manufacture, v. 5, p. S05 (1042) 
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From reported microscopic studies it can be concluded that hardened 
cement paste is predominantly of submicroscopic texture. The only 
microcrystalline hydrate consistently reported is calcium hydroxide. 
Brownmiller found this to occur in clusters of very small crystals in the 
“eement gel.’ Although the gel state is theoretically unstable, Bogue 
and Lerch found no evidence of change toward the microcrystalline state 
over a period of 2 years. However, Kahl found evidence of such a change 
in pastes about 20 years old, 

X-ray analyses do no more than confirm results of the microscopic 
method. 

The relatively few reported observations made with the electron 
microscope indicate that the hydration products of portland cement may 
be colloidal but not amorphous. That is, they may be made up of 
submicroscopic crystals. 

Several studies of physical properties of paste have been made by 
studying the fixation of water in hardened portland cement paste. Such 
studies are based on the fact that the characteristics of hydration or 
dehydration curves depend on both the physical and chemical character- 
istics of the materials involved. In hydroxides the water loses its chemical 
identity and appears in the structure as O//-groups. In many compounds 
itis bound molecularly by covalent bonds. In a third type of compound 
some of the water is bound by hydrogen bonds. In all the types of bind- 
ing Just mentioned the amount of water combined can usually be repre- 
sented in a definite chemical formula and when the particles are of 
microscopic size or larger, such hydrates are stable through definite 
ranges of temperature and pressure. 

In bodies of the zeolite type the water molecules are believed to be 
packed in the interstices of the solid structure and they are relatively 
loosely bound to the solid. 

Any solid is capable of holding a small amount of water or other 
substance on its exposed surface by adsorption. The quantity held in 
this manner can be large when the specific surface of the solid is very 
high. 

The amount of zeolitic water or adsorbed water held by a solid de- 
pends on the temperature and pressure of the water vapor surrounding 
the solid and the amount varies continuously with changes in either 
pressure or temperature, 


A graph of the relationship between water content and temperature 
at constant vapor pressure is called an “isobar.” The shape of the 
isobar of a hydrous solid depends on the specific surface of the solid and 
upon the nature of the combination between the solid and the water. 
Microcrystalline hydrates give stepped isobars having one or more steps 
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The same hydrates reduced to submicroscopic particles of various sizes 
produce smooth isobars, showing more water in combination at the lower 
temperatures and less water at the higher temperatures than does the 
same material in the microcrystalline state. The isobar for zeolitic or 
for adsorbed water is a smooth curve under all conditions. 


A graph of the relationship between water content and water vapor 
pressure at constant temperature is called an “isotherm.’’ For micro- 
crystalline hydrates the isotherm, like the isobar, is stepped. The 
material retains more water at low vapor pressures and less at high vapor 
pressures than does the same material in the microcrystalline state. 
This conclusion is based partly on experimental data and partly on 
jnference from the isobaric relationships. 


Under certain conditions isotherms from silica gel show a step similar 
to that of a microcrystalline hydrate. The resemblance is superficial, 
however, as other information shows that no definite hydrate exists 
over any given pressure range. 


Isobars from portland cement paste have been obtained by several 
investigators. The findings of different investigators vary in some de- 
tails. In general they show that the isobar is a smooth curve except for 
one step that is attributed to the decomposition of calcium hydroxide. 


Isobars from the four principal compounds of portland cement, hy- 
drated separately, show that the hydrates of CyS and C,S resemble that 
from portland cement, whereas the hydrates of CyA and CyAF show 
mainly the characteristics of microcrystalline hydrates, a step occurring 
at about 240F when vapor pressure is about 0.1 micron. The fact that 
Meyers found no step on the isobars for portland cement at 240F is 
evidence that the hydrates of CyA and CyAF that occur in portland 
cement are not the same, at least with respect to physical state, as those 
which form when these compounds are hydrated separately, 


Isotherms from portland cement pastes have been obtained by a few 
investigators. ‘The isotherms give information about the fixation of that 
part of the water that is evaporable at a constant temperature, usually 
near room temperature, whereas the isobars give the information about 
the fixation of that part of the water that is not evaporable at room 
temperature, The isotherms that have been obtained agree with the 
isobars in indicating that the water in hardened paste is not held as it is 
in microcrystalline compounds, Instead, the manner of binding is 
similar to that between water and silica gel, 


Some studies of water fixation by a freezing-out procedure have been 
reported, ‘The method is fundamentally similar to the drying-out pro- 
- cedure and the results obtained have about the same significance 
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The data on the isothermal relationship between water content and 
vapor pressure obtained before the present investigation are too few to 
throw much light on the question of paste structure. Several of the 
earlier investigations were conducted under what are now known to be 
faulty test conditions 
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10. Scope or limits 

(a) These minimum standard requirements for precast concrete floor 
units, are to be used as a supplement to the ACT “Building Regulations 
for Reinforced Conerete” (ACT SIS-41) 4 

(b) With respeet to design for strength, 1.e., for bending moment, 
bond and shear stresse ’ all the ty per referred to in 10 (d) are to be de 
signed in accord with standard reinforced concrete theory and in accord 
with (ACT 318-41), except that with respect to cover, there is in some 
cases departure therefrom justified by the greater refinement in the 
finished product, both as to dimensions and to quality, when made by 
factory methods and with factory control, See Section 11 

(ce) Section 103(a), ACL SIS-41], recognizes and makes provision 
for special systema of reinforced conerete With reference to precast 
floors its provisions may be invoked where necessary by the manu 
facturer, architect, engineer, building inspector, builder or owner, where 
ever this report is silent 

‘The Committee's report aa published ACT Jounnat, January HM6, Proo, V, 42, p. 245 and as editorially 
revieed, wae adopted as an ACT Mtandard by the 140 ACT Convention and convention action ratified by 
Letter allot of ACT Members Auguat Iida 

{Iteforence is hereafter referred to aa ACT $1841 


TMee appendia hereto 
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Fig. 1 
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(d) ‘Two distinct types are now manufactured: 

1, I-beam type, with either cast in place or precast slab. (Iig. 1) 

See section 50 for definitions. When the slab is cast in place as shown 
in lig. 2 the result is a Tee beam and may be computed as such 

2, Hollow core type (lig. 5) 

Others are of channel shaped cross section often used as roof slabs, 
and the orthodox rectangular beam. Standard reinforced concrete 
theory is applicable to all, 


11. Concrete protection for reinforcement 

(a) Precast floor and roof units made of high quality faetory con. 
trolled concrete may, when used in locations protected from the weather 
or moisture and with minimum fire hazards, be approved with %&@-in 
concrete cover for the reinforcing provided, however, that the concrete 
cover in all cases shall be at least equal to the diameter of round bars 
and one and one-half times the side dimension of square bars, and pro- 
vided that to insure exact final location to the steel, positive and rigid 
devices for that purpose are employed in the manufacturing process, 
When the precast-members are exposed to weather, moisture or fire 
hazard the protective cover shall be increased to conform with section 


607, ACI 318-41. 4 


thee appendia hereto 
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MATERIALS 
20. Cement 
(a) High-early strength concrete as produced with Type IIL port- 
land cement or with ‘Type I portland cement and accelerated curing is 
recommended, Portland cement shall conform to the “Standard Specifi- 
cations for Portland Cement” (A.S8.T.M. Serial Designation (150-42) 
and shall be Type I or Type ILL. 


91. Aggregate 

(a) Concrete aggregates shall conform to the “Standard Specifica- 
tions for Concrete Aggregates’ (ASTM Serial Designation: (33-44), 
provided, however, that aggregates which have been shown by test or 
actual service to produce concrete of the required strength, durability, 
water-tightness, fire-resistance, and wearing qualities may be used under 
Section 302(a) Method 2, ACI 318-41* where authorized by the Com- 
missioner of Buildings. 

(b) ‘The maximum size of the aggregate for precast joist shall not be 
larger than one-third of the narrowest dimension between sides of the 
forms of the member in which the unit is cast nor larger than three- 
fourths of the minimum clear spacing between reinforcing bars and sides 
of the forms except that where the concrete is placed by means of high 
frequency vibration the maximum size of the aggregate shall not be 
larger than one-half the narrowest dimension between sides of the forms 

(c) Aggregate for floor slabs shall conform to Section 21 (a) and in 
addition the combined aggregate shall be so graded from fine to coarse 
that not less than one-half nor more than two-thirds by weight of the 
total, based on dry materials, is retained on the No, 4 standard sieve, 
except that these proportions do not necessarily apply to light weight 
aggregates, ‘The maximum size shall not exceed one-third the thickness 


of the slab 
22. Steel 


(a) In the unprestressed types, the steel in the joist or floor unites 
shall be intermediate grades Billet-Steel Concrete Reinforcement Bars 
(ASTM Serial Designation, ALS-39) or Rail Steel Concrete Reinforce 
ment Bars (ASTM Serial Designation: AL6-39) or cold drawn steel wire 
for concrete reinforcement (ASTM Serial Designation: AS2-34) 

(b) Prestressed steel may be used in any of the Ly pes mentioned in 
section (1O(d), When used and where such theory is applicable, com 
Putations for stresses, moments and allowable loads shall be in accord 
With the theory outlined in “Prestressed Conerete, Design Principles 


and Reinforcing Unite’, by Herman Sehorert or in a more condensed 


*Mee a sponclin hereto 
TACT Jan HNAL, June 1044) Pyooeedinge V. iv 
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article by the same author in “Reinforced Concrete No. 6” (Portland 
Cement Assn.). 


23. Strength of concrete 

(a) Concrete for floor units made of sand and gravel, crushed stone, 
slag or other heavy aggregate and of a span of 12 ft. or more shall have q 
compressive strength of not less than 3750 psi at 28 days when tested jn 
accordance with the applicable current standards of the A.S.T.M. 

(b) For roof slabs or for floor units made of light weight aggregate 
lower compressive strengths may be permitted where the unit stresses 
used in design for strength and bond will satisfy the requirements of 
paragraph 24(a) of these standards. 


24. Unit stresses in concrete and reinforcement 
(a) The allowable design stresses in the concrete shall conform to the 
requirements set forth in Section 305 (a) and Table 305(a), ACI 318-414 
(b) The allowable stresses in the steel shall conform to the require 
ments set forth in Section 306(a) and 306(b) ACL 318-41. 


MANUFACTURE 
30. Workmanship 


(a) The finished product shall be free of honeycomb or rock pockets, 
The mix, the gradation of the aggregate and the workability shall be 
such as to insure complete filling of the form and continuous intimate 
bond between the concrete and all steel. To assist in attaining the 
latter, vibration is recommended, but any method which will meet the 
stated requirements and with the strength as required in unit beams or 
slabs or in the finished floor, is acceptable. 

(b) Handling and conveying before curing shall be reduced to 4 
minimum. Machinery for this purpose should be so designed that the 
unit will not be subject to bending or shock which will produce incipient 
cracks, broken edges or corners, 


31. Curing 

(a) The minimum amount of curing of precast units shall consist in 
keeping the concrete moist for at least 7 days, if made of normal portland 
cement and for at least 3 days if made of high early strength cement, 
For each decrement of 5 degrees below 70 F in the average curing tem: 
perature these curing periods shall be increased by four days for units 
made of normal portland cement and by two days for units made of high 
early strength cement. See Table 1. The average curing temperature 
in no case shall be less than 50 F, 

(b) Curing by high pressure steam, steam vapor, or other accepted 
processes may be employed to accelerate the hardening of the conerete 
and to reduce the time of curing provided, however, the compressive 


thee appendix hereto 
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TABLE 1 (see 31a) — MINIMUM CURING TIME IN DAYS IN MOIST ATMOSPHERE 


Temperature in Degrees F 
Cement 


70 65 60 | 55 50 
Normal Portland 7 11 15 19 | 23 
High Marly Strength. 3 | . § 7 9 1] 


strength of the concrete is at least equal to that obtained with the curing 
specified in Section 3la and that the 28-day strength meets the require- 
ments of Sec. 23. 


32. Identification and marking 


(a) All joist, beams, girders and other floor units shall show some 
mark plainly indicating the top of the unit and the size of the bending 
moment reinforcement. This mark or symbol shall indicate the length, 
size and type of reinforcing and carrying capacity of the unit, and shall 
be shown on the placing plans. 


33. Transportation 

(a) After curing, units shall be so stored, stacked, loaded and trans- 
ported, unloaded and placed, that no transverse or longitudinal cracks 
will develop. Adequate instructions should be given to handlers and 
insofar as possible, only experienced men should be put in charge of this 
phase of the work. 


(b) ‘To insure the eventual placement of the units in the structure 
without cracks, the handling, whether manually or in slings or cradles, 
shall be done in such a manner that bending about either the vertical 
or horizontal axis of the cross-section will be reduced to a minimum. 


TESTS 


40. Beams and floors 


(a) Where the individual unit is tested as a simple beam, it shall 
sustain without complete failure*, a uniformly distributed load of at 
least 2.25 times the design live load based on allowable stresses in bend- 
ing moment and shear as given in Section and Table 305(a) and Seec- 
tion 306(a), ACI 318-414 


(b) When field tests are made they shall be made as required by and 
shall meet the requirements of Section 202, ACT 318-41+) making use of 
notation used in Section 200, ACT:318-41.1 


*Failure in Section 40 in defined aa, any behavior of the beam under load which indicates that the yield 

int of the atee! han been exceeded, or that cracking of the concrete ia such that it would not be permitted 
Haastructure in regular service 

{See appendix hereto, 











138 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE October 1946 


1-BEAM TYPE JOISTS 
50. Definitions 


(a) Floors made of precast joists mortised or embedded into a mono- 
lithic floor placed or poured on the job, producing a T-beam are called 
Precast joist cast-in-place concrete slab floors, and the resisting moment 
may be computed as if the joist and slab form a T-beam. See Section 54, 

(b) Floors made of precast joists over which precast slabs are laid 
and bonded to produce T-beam action are called precast joist and slab 
concrete floors. 

(c) Floors made of precast joists over which precast slabs are laid 
for flooring and not bonded to the joist to produce T-beam action are 
called independent precast joist and slab concrete floors. 


51. Sections 

(a) The most commonly made joists of I-beam section are as shown 
in Fig. 1. Other sizes and shapes meeting the regulations of ACI 318-4] 
as to resistance to bending moment, shear, deflection and bearing, may 
be used, 

(b) Since the shear and bending moment resistances are based on 
nominal dimensions as well as on area of the steel and allowable working 
stresses in concrete and steel, the following tolerances shall not be 
exceeded: plus or minus \%-in. as to width and height, and plus or 
minus % in. as to length. 


52. Floor slab thickness 

(a) The recommended minimum thickness of cast-in-place reinforced 
concrete floor slabs with joist heads embedded not less than 1% in. and 
with joist spacing less than 30 in., is 2 in. For joist spacing of 30 to 
36 in. the minimum thickness of slab concrete floors should be 21% in. 
Greater thickness may be required where unusual loads or spans are 
encountered, The required thickness of slabs spanning more than 36 in, 
shall be determined by accepted design methods. 

(b) The recommended minimum thickness of precast slab to be 
used with precast joists is 2 in, with joist spacing up to 30 in. and 24% 
in. with joist spacing from 30 in, to 36 in. In the case of slabs of ribbed- 
or channel-section, the thickness requirement applies to the portion 
thereof containing the tensile reinforcement. 


53. Extra or concentrated loads 

(a) Where the floor supports partition walls parallel to the joist 
or where loads heavier than the uniform load for which the floor is 
designed are known to be expected, joists may be placed side by side, 
with flanges touching, but under such conditions the joists and cast-in 
place floor slabs are not to be considered as a 'T-beam unless the shear 
reinforcing loops in the joists extend into the slab. 
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(b) Where multiple joists are used, their strength shall be at least 
that of a single beam, multiplied by the number used. 


54. Design 


(a) Floors laid as defined in 50(a) and 50(b) of these standards may be 
designed as ‘T-beams, where joists are supported at sufficient intervals 
to take out the sag while the cast-in-place or precast slab is being laid, 
the support being left in place until the concrete has hardened, Under 
this condition the dead load is considered to be the weight of the floor 
per joist plus the weight of the joist. * 

(b) The resistance to longitudinal shear between floor and joist 
where the joists are embedded 1% in, may be taken as equal to the allow- 
able shear stress for beams with no web reinforcement, but with special 
anchorage of longitudinal steel. Table 305(a), ACT 318-41f. 

(c) Where ends of joists cannot be rested on walls, as at stair wells, 
etc., metal joist hangers made as in Fig. 3 may be used to provide end 
support, or a preformed tension bar hanger may be inserted in the 
joist at the time of casting (Tig. 4). 
oF or further details as to deaign for Type 1 joiata, the Portland Cement Association pahmphlet “How 


to Design and Build Precast Joist Concrete Floors” ia at present the moat complete treatine 
thee appendix hereto 
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55. Holes in web 

(a) Because they reduce the shearing resistance, holes in the web 
shall be reduced to a minimum. Where found necessary they should 
be located as near the center of the beam as possible or at location of 
minimum shear. They shall be cast when the beam is made or drilled 
on the job (not punched) and be not more than 2 in. in diameter. No 
holes should be made by any mechanic on a job except after approval 
by and under the supervision of the architect or engineer. 
56. Installation and construction details 

(a) Onevery job there will be a need for a joist setting plan; prepared 
by an architect or an engineer and approved by the manufacturer. Only 
in this way will the owner be assured of unquestionable results. Working 
stresses based on maximum strength of the materials used, shall be as 
provided in Section 305(a) and Table 305(a), ACI 318-41*, and shall 
be given the architect or engineer by the manufacturer. Shears and 
bending moments will be properly taken into account by the architect 
or engineer and accepted by the manufacturer. t 

(b) There is a need for standardization of many installation and 
construction details. This does not mean that innovations should be 
prohibited or frowned upon, but rather that an acceptable practice in 
handling and setting, leveling, shoring of joists, placing forms for floors, 
reinforcement for floors, conduits, bulkheads, stairwells, partition bearing 
joist, etc., should be approved by the architect, engineer and manu- 
facturer and the building contractor informed thereof by properly 
drawn plans and through the supervision of the architect or engineer. 


7 HOLLOW CORE TYPE JOISTS 
60. Definitions 

(a) Floors made of precast concrete units in which some portion of 
the cross section between top, bottom, and sides is left out at the time 
of casting for purposes of reducing dead load and quantity of material 
used in their manufacture are called Hollow-Core-Precast Floors. 


61. Sections 

(a) Sections of hollow units as shown in Fig. 5 are acceptable. 

(b) Any other sections which will provide proper protection for the 
steel reinforcement, and strength sufficient for handling and for carry- 
ing the loads for which they are designed and which meet all other 
requirements of this report will be acceptable, provided the computations 
for carrying capacity have been verified by a recognized testing labora- 
tory. 

silo deieaiestene e naservidden over the placing of the veneers ement and over the factory treatment of 


the joist from planning the mixture to delivery on the job, will be stricter, where he is provided with data 
on the maximum shear and bending moment stresses as computed by the architect or engineer 
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62. Design 

(a) Resisting moments and shear resistance of hollow core units shall 
be computed by the standard formulas and methods. Allowable unit 
stresses in concrete shall conform to the requirements of Section 305(a) 
and Table 305(a) ACI 318-41.* 

(b) The allowable stresses in the steel shall conform to the require- 
ments set forth in Section 306(a) and 306(b) ACI 318-41.* 


63. Special conditions—openings known in advance of construction 

(a) At stairways or other openings when no wall or girder bearing 
is available for one end of a floor unit, the long dimension of the opening 
shall be parallel to the length of the unit. Specially designed reinforced 
headers or curbs at the short side of such openings shall transfer their 
dead and live load to the longitudinal units on the side of the opening 
by devices or means satisfactory to the architect or engineer. Units 
adjacent to the side of such openings shall be designed to carry the 
reaction of the headers in addition to their own specified dead and live 


load. 


(b) The requirements of unusual conditions, such as those outlined 
in'63(a) or others, often may be met by making use of special units, 





*See appendix hereto. 
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some of which are wider than the standard, some deeper and some more 
heavily reinforced. 


(c) Holes in the bottom or ceiling sides of units, for conduit or for 
hangers should be located below the hollow portion of the unit and 
should be cast at the time of manufacture or drilled under the super- 
vision of the architect or engineer. 


(d) Channeling in the top or floor side, except over the support is 
not permissible and channels placed over the supports shall not reduce 
the shear resistance below that allowable in this standard. 


(e) Cutting of reinforcement for installation of pipes or conduit is 
permitted only upon approval of the architect or engineer and only 
after satisfying requirements specified in Section 64(a) (b) and (c). 


64, Cutting of holes and channels 


(a) No openings or channels not provided for in the structural 
design shall be made on the job without the specific approval of the 
engineer and in accord with his written, detailed instructions covering 
such work. 


(b) In some cases the section of and reinforcement in the adjacent 
beam are such that when the span is taken into consideration the resist- 
ance to bending moment and shear is greater than that required by the 
live and dead loads called for by the building code or specifications. In 
such a case holes may be cut and curbed providing it is done in a manner 
to insure that the stresses on the transversely cut units will be trans- 
ferred through the curb or longitudinal key to the adjoining units. In 
general, such cutting should be located near the quarter point of the 
span. 


(c) Where holes are cut, the load normally carried by the cut units, 
and by the cutting transferred laterally to adjacent units may be con- 
sidered to be uniformly distributed laterally for three units one foot 
wide on either side. With such assumption the computed stresses in 
the concrete may not esceed 0.45 f’, nor in any case 1500 psi compression; 
0.02f’. (for reinforcement without special anchorage) with a maximum 
allowable unit stress of 75 psi or 0.03 f’, (for reinforcement with special 
anchorage) with a maximum allowable unit stress of 112.5 psi in shear 
for units without stirrups; or 20,000 psi tension in the reinforcing steel. 


(d) Holes in the bottom or ceiling side for conduit or for hangers 
should be below the hollow portion of the unit; should not be less than 
134 in. from the longitudinal reinforcement, and may be either cast 
at the time of manufacture or drilled under the supervision of the archi- 
tect or engineer. Hangers may be placed in the joints between the 
units before they are grouted. 
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(e) There shall be no channeling in the top or floor side except over 
the support. Channels cut over the supports are permissable only when 
they do not reduce the shear resistance below that allowable in this 
standard, and must be approved by the architect or engineer. 


(f) Cutting of reinforcement for installation of pipes or conduit is 
permissible only with approval of the architect or engineer and only after 
satisfying requirements specified in Section 64 (a) (b) and (c). 

65. Installation and construction details 

(a) An erection or unit setting plan shall be prepared by the architect 
or engineer and approved by the manufacturer for each job. To provide 
properly for shear and bending moment stresses, the plan shall indicate 
all openings, stairways, etc., together with the location of points, if 
any, where loads are in excess of the general floor loading. 


APPENDIX 
(Excerpts from Standard Building Regulations for Reinforced Concrete—AC! 318-41) 

103. Special systems of reinforced concrete 

(a) The sponsors of any system of reinforced concrete which has been in successful 
use, or the adequacy of which has been shown by test, and the design of which is either 
in conflict with, or not covered by these regulations shall have the right to present the 
data on which their design is based to a “Board of Examiners for Special Construction” 
appointed by the Commissioner of Buildings. This Board shall be composed of com- 
petent engineers, architects and builders, and shall have the authority to investigate 
the data so submitted and to formulate rules governing the design and construction of 
such systems. These rules when approved by the Commissioner of Buildings shall be 
of the same force and effect as the provisions of this code. 


200. Notation 
D = Deflection of a floor member under load test. 
L Span of member under load test. 
t The total thickness or depth of a member under load test. 


202. Load Tests 


(a) When a load test is required, the member or portion of the structure under 
consideration shall be subject to a superimposed load equal to one and one-half times 
the live load plus one-half of the dead load. This load shall be left in position for a 
period of twenty-four hours before removal. If, during the test, or upon removal of 
the load, the member or portion of the structure shows evident failure, such changes 
or modifications as are necessary to make the structure adequate for the rated capacity 
shall be made; or, where lawful, a lower rating shall be established. The structure shall 
be considered to have passed the test if the maximum deflection at the end of the twenty- 
four hour period does not exceed the value of D as given in the following: 

001 1? 
D es 

12¢ 


all terms expressed in the same units. 


Il 


If the deflection exceeds the value of D as given in formula (1), the construction shall 
be considered to have passed the test if within twenty-four hours after the removal of 
the load the member or portion of the structure shows a recovery of at least seventy- 
five percent of the observed deflection. 
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302. Determination of strength-quality of materials 


(a) The determination of the proportions of cement, aggregate and water to attain 
the required strengths shall be made by one of the following methods: 
Method 1—Concrete made from average materials: 


When no preliminary tests of the materials to be used are made, the water-content per sack of cement 
shall not exceed the values in Table 302(a). Method 2 shall be employed when artificial aggregates or 
tures are used. 


TABLE 302(a)}—ASSUMED STRENGTH OF CONCRETE MIXTURES 





Water-Content U. S. Gallons Assumed Compressive Strength 
Per 94-lb. Sack of Cement at 28 Days—psi 








74 2000 
634 2500 
6 3000 
5 | 3750 





Nore—In interpreting this table, surface water carried by the aggregate must be included as part of 
the mixing water in computing the water-content. 
Method 2—Controlled Concrete: 


Water-content other than shown in Table 302(a) may be used provided that the strength-quality of the 
concrete proposed for use in the structure shal] be established by tests which shall be made in advance of 
the beginning of operations, using the consistencies suitable for the work and in accordance with the “‘Stand- 
ard Method of Making Compression Tests of Concrete” (A.S8.T.M. Serial Designation: C39-39). A curve 
representing the relation between the water-content and the average 28-day compressive strength or 
earlier strength at which the concrete is to receive its full working load, shail be established for a range of 
values including al! the compressive strengths called for on the plans. 


The curve shall be established by at least three points, each point representing average values from at 
least four test specimens. The maximum allowable water-content for the concrete for the structure shall 
be as determined from this curve and shall correspond to a strength which is fifteen percent greater than 
that called for on the plans. No substitutions shall be made in the materials used on the work without 
additional tests in accordance herewith to show that the quality of the concrete is satisfactory. 


305. Allowable unit stresses in concrete 


(a) The unit stresses in pounds per square inch on concrete to be used in the design 
shall not exceed the values of Table 305(a) where f’. equals the minimum specified 
ultimate compressive strength at 28 days, or at the earlier age at which the concrete 
may be expected to receive its full load. 


306. Allowable unit stresses in reinforcement 


Unless otherwise provided in these Regulations, steel for concrete reinforcement 
shall not be stressed in excess of the following limits: 
(a) Tension 
(f. = Tensile unit stress in longitudinal reinforcement) 
and (f, = Tensile unit stress in web reinforcement) 

20,000 psi for Rail-Steel Concrete Reinforcement Bars, Billet-Steel Concrete 
Reinforcement Bars (of intermediate and hard grades), Axle-Steel Concrete 
Reinforcement Bars (of intermediate and hard grades), and Cold-Drawn Steel 
Wire for Concrete Reinforcement. 

18,000 psi for Billet-Steel Concrete Reinforcement Bars (of structural grade), 
and Axle-Steel Concrete Reinforcement Bars (of structural grade). 


(b) Tension in One-Way Slabs of Not More Than 12 Feet Span 
(f. = Tensile unit stress in main reinforcement). 
For the main reinforcement, 34 imch or less in diameter, in one-way slabs, 50 per cent 
of the minimum yield point specified in the Standard Specifications of the American 


Society for Testing Materials for the particular kind and grade of reinforcement used, 
but in no case to exceed 30,000 p.s.i. 
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TABLE 303(a)—ALLOWASLE UNIT STRESSES IN CONCRETE 




















Allowable Unit Stresses 
For Any 
Strength of | When Strength of Concrete is Fixed 
Concrete as| by the Water-Content in Accordance 
Description Fixed by with Section 302 
Testin |———————- — 
Accordance 
with Section| f’e = fe= S.= f.= 
302 2000 2500 | 3000 375 
30000 psi psi psi | i 
ne——ls*K in eB ine n=8 
. | 
Flexure: fe ; 
Extreme fiber stress in compression ... ~ fe 0.45f'¢ 900 1125 1350 1688 
Shear: »v 
Beams with no web reinforcement and without| | 
special anchorage of longitudinal steel... .. Ve 0.02f'e | 40 50 60 75 
Beams with no web reinforcement but with| | | 
special anchorage of longitudinal steel ‘ | Ve 0.03f'. | 60 75 90 113 
Beams with properly designed web reinforce-| | 
ment but without special anchorage of longi-| | 
OES OS a eee ree D 0.06f'c 120 | 150 180 225 
Beams with properly designed web reinforce-| } 
ment and with special anchorage of longi-| | m 
OSE SRA eae v 0.12f'e 240 300 360 450 
*Flat slabs at distance d from edge of column | | 
ere re Ve 0.03f"e 60 75 90 113 
Ns Dad nce pce e-«bs4nesao% Sree i | 0.03f'¢ 60 75 75 75 
but not 
| to exceed } 
| 75 psi | 
tBond: wu 
In beams and slabs and one-way footings: 
SR eee ee u | 0.04f'c 80 100 120 150 
| but not 
| to exceed 
} 160 psi 
Deformed bars........... ae -| u 0.05f"e 100 125 150 188 
but not 
to exceed 
200 psi 
In two-way footings: 
Plain bars (hooked) . ividiasnt u 0.045f'¢ 90 113 135 160 
but not 
to exceed 
160 psi 
Deformed bars (hooked)... . u 0.056 f'c 112 140 168 200 
but not 
to exceed 
200 psi 
Bearing: fe } 
On full area : ae | fe 0.25f" 500 625 750 938 
On one-third area or lesst...... bean foi ©37 5f'e 750 938 1125 1405 
*See Section 807. **See Section 905 (a) and 808(a). 


+The allowable bearing stress on an area greater than one-third but less than the full area shall be inter- 
polated between the values given. 


tWhere special anchorage is provided (see Section 903 (a) ), one and one-half times these values in 
bond may be used in beams, slabs and one-way footings, but in no case to exceed 200 psi for plain bars 
and 250 psi for deformed bars. The values given for two-way footings include an allowance for special 
anc Kant 


507. Concrete protection for reinforcement 


(a) The reinforcement of footings and other principal structural members in which 
the concrete is deposited against the ground shall have not less than three inches of 
concrete between it and the ground contact surface. If concrete surfaces after removal 
of the forms are to be exposed to the weather or be in contact with the ground, the 
reinforcement shall be protected with not less than two inches of concrete for bars 
more than 5% inch in diameter and one and one-half inches for bars % inch or less in 
diameter. 
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(6) The concrete protective covering for reinforcement at surfaces not exposed 
directly to the ground or weather shall be not less than three-fourths inch for slabs 
and walls; and not less than one and one-half inches for beams, girders and columns, 
In concrete joist floors in which the clear distance between joists is not more than 
thirty inches, the protection of metal reinforcement shall be at least three-fourths inch. 

(c) If the code of which these regulations form a part specifies, as fire-protective 
covering of the reinforcement, thicknesses of concrete greater than those given in this 
section, then such greater thicknesses shall be used. 

(d) Concrete protection for reinforcement shall in all cases be at least equal to the 
diameter of round bars, and one and one-half times the side dimension of square bars, 

(e) Exposed reinforcement bars intended for bonding with future extensions shall 
be protected from corrosion by concrete or other adequate covering. 
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1. SCOPE 


These recommendations describe practice for use in the design and 
construction of concrete silos, stave, block and monolithic, for the 
storage of grass or corn silage. 


2. GENERAL DESIGN RECOMMENDATIONS 
A. Foundations 


The foundation should safely support the silo and might well be one 
of the four following types: (1) a footing only, (2) a footing and founda- 
tion wall, (3) a battered foundation wall providing a spread footing, or 
(4) a foundation wall flared at the bottom on both sides, the depth of 
flare being at least twice the projection of the flare. When foundation 
walls of types 2, 3, and 4, are used, they should be at least 8 in. thick, 
extend at least six inches above the ground line, and should be reinforced 
to withstand the lateral pressure of the silage. 

B. Footings 

1) Depth below ground line: The distance from the ground line to 
the base of the footing should be at least 24 in. and not less than 36 in. 
in localities in which the ground freezes to a depth of two feet or more. 


*This report from ACI Journat, January 1944; Proc., V. 40, p. 189, as revised ACI Journat, January 
1946; Proc. V. 2+ P- 261, was adopted as an ACI Standard at the ACI Convention 1946 subject to editorial 
revisions presented on a Letter Ballot, canvassed August 1946 by which the convention action was ratified 


(149) 
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2) Width and depth of footings: The footing should be sufficient to 
carry the weight and friction load of the silo. The width and depth, 
therefore, depend upon the height of the silo and the load carrying 
capacity of the soil. Recommended footing sizes are given in Tables 
1 and 2 for three different types of soil. See Appendix-B. 

3) Future Increases in height of silo: The footings should be de- 
signed to take care of any contemplated future increase in the height 
of the silo. 

C. Hoop Spacing 

The hoop spacing for either grass or corn silage of moisture content 
not over 75 percent should not exceed that given in Table 3. See Ap- 
pendix-A. 

D. Floors 

A concrete floor may be provided for the purpose of facilitating drain- 
age. If provided, it should be at least four inches thick, should slope 
toward the drain and be constructed to permit free movement relative 
to the walls. 

E. Drains 

The Committee recognizes the desirability of drains but does not feel 
justified in making recommendations until research now under way is 
concluded. Where a drain is provided, provision should also be made 
to carry liquids away from the site. 

F. Roofs 

Whether or not the silo is roofed should be optional with the pur- 
chaser. If a roof is provided, it is recommended that it have a perma- 
nent opening not less than one square foot for ventilation. 


TABLE 1. DIMENSIONS OF ANNULAR FOOTINGS FOR SILOS 
WITH WALLS 2.5 INCHES THICK 





TYPE OF SOIL 


| Firm clay, wet sand or | 








Sand and Gravel | clay and sand mixture | Soft Clay 

oe (Type 1) (Type 2) (Type 3) 

0 ——_——- —— _ 

Silo Width | Depth | Width | Depth | Width Depth _ 

ft. Inches | Inches | Inches Inches | Inches | Inches 

| | | 

20 | 12 s 12s gs | 12 8 

25 12 x ef ee ae ~ 

30 12 8 12 8 24 . 

35 12 8 4 fey 

40 12 8 21 10 

45 ae. 7 9 26 13 | § Silos Higher Than 

50 16 1] 32 15 Not Recom- 

13 $$ __ _—___|} asian Type 3 Soil 
60 23 16 Silos Higher Than 50 ft 





Not Recommended on 


55 | 19 
Wo ae sili 





See Appendix - B. 
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TABLE 2. DIMENSIONS OF ANNULAR FOOTINGS FOR SILOS 
WITH WALLS 6 INCHES THICK 





TYPE OF SOIL 


Firm clay, wet sand or | 























| 
Sand and Gravet | clay and sand mixture Soft Clay 
a (Type 1) | rT 2) (Type 3) 
Oo } ee 
Silo Width Depth Width Depth Width Depth 
ft. Inches | Inches — _Inc hes | _ Inches Inches — Inches 
— |. 2 hae nt. 
20 12 . 4 ai ee Gee ~ 
25 12 8. | 12 | s 24 8 
30 12 8 16 8 32 11 
35 12 8 21 10 —_——_—__—_—_— 
40 13 9 26 13 Silos Higher Than 30. 30 
45 16 1] 32 = 15 ift. Not Recommended 
50 19 13 on Type 3 Soil 
55 23 16 Silos Higher Than 45 ft. 
60 27 18 Not Recommended on 
Type 2 Soil 








See Appendix - B. 


If a concrete roof is used, the design and construction should be such 
that no radial thrust is applied to the silo walls. The minimum concrete 
cover for reinforcement should be one inch. 


G. Chutes 
The type of chute, if usgd, should be optional with the purchaser. 
Ventilation of the barn through the chute should be avoided. 


3. MATERIALS 

A. Aggregates 

Aggregates for use in the construction of silos should conform to the 
“Standard Specifications for Concrete and Reinforced Concrete’ of 
the 1940 Report of the Joint Committee on Standard Specifications for 
Concrete and Reinforced Concrete. The total of deleterious materials 
of an expansive nature such as shale, absorptive chert, etc., should not 
exceed 1 percent by weight in aggregate coarser than the No. 4 sieve nor 
more than 2 percent by weight in aggregate finer than the No. 4 sieve. 
For aggregates for interior finishes and mortar for laying blocks see 
Sections 3-F and 5-F respectively. 
B, Cement 

Cement for use in the construction of silos should conform to the 
current specifications for Portland Cement of the American Society for 
Testing Materials. 
C. Steel 

Metal reinforcement for use in the construction of silos should con- 
form to Building Regulations for Reinforced Concrete (ACI 318-41) or 
“Standard Specifications for Concrete and Reinforced Concrete’ of 
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the 1940 Report of the Joint Committee on Standard Specifications for 
Concrete and Reinforced Concrete. 


D. Concrete 

1) Proportioning, mixing, curing and testing concrete: Proportioning 
mixing, curing and testing concrete should be in conformance with the 
provisions relating thereto of the 1940 “Recommended Practice and 
Standard Specifications for Concrete and Reinforced Concrete” of the 
Joint Committee on Standard Specifications for Concrete and Reinforced 
Concrete. 


2) Concrete quality: It is recommended to ensure a high degree 
of imperviousness and durability, that the concretes used in various 
parts of the silo should have compressive strength not less than that 
given in the following table: 


Location Minimum Recommended Compressive Strength 
at 28 days psi 

Footings 3,000 

Foundation Walls 3,500 

Silo Wall, Roof, Door Frames & Chute 4,500 

E. Hoops 


1) Effective area: The effective area of threaded rods for stress 
calculation should be based on the diameter at the root of threads when 
cut threads are used and should be based on the diameter of the rod 
when rolled threads are used. 


2) Design unit stress: The unit stress for design should be 18,000 
psi for structural, 20,000 psi for intermediate grade steel bars and not 
more than 50 percent of the minimum value for the yield point given 
in the specification governing any special steels that may be used. 


8) Hoop-Spacing: The maximum hoop-spacing for either grass or corn 
silage should be as given in Table 3. This table does not apply for silage 
with a moisture content above 75 percent, as closer spacing will be re- 
quired for wetter silage. 


is per sq. ft. — 


4) Lugs: Lugs (connections for hoops of round cross-section) 
should be of malleable cast iron or of steel. The strength of the lug 
should be such that the ultimate strength of the hooping to be used with 
it can be developed by the lug in place. For silo diameters up to and 
including ten feet, at least two lugs per hoop should be used; for diameters 
from 10 to and including 16 ft., at least three lugs per hoop should be 
used; and for diameters from 16 to and including 22 ft., at least four lugs 
per hoop should be used. 


5) Connections: Connections for flat hoops should develop in place 
twice the design load of the hoops. The number of connections per 
hoop should be not less than the number of lugs per hoop recommended 
in the paragraph next above. 


nds per sq. in., ps 
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6) Tightening hoops: The hoops should be uniformly tightened to 
about 50 percent of the design stress, the joints filled, the fillings allowed 
to harden, and the hoops again tightened, this time to full stress. Before 
the silo is filled the hoops on the lower two-thirds of the silo preferably 
should be retightened. 

7) Spreaders: Spreaders should develop in place twice the design 
load of the hoops connected to them. 


F. Interior finishes 

Concrete stave silos should, and other concrete silos may, be plastered 
or given a cement wash inside in order to make them more nearly im- 
pervious. Materials for this should be prepared and applied as here 
recommended. 

1) Cement plaster: The grading of the sand should be within the 
following limits: All material passing No. 4 sieve; from 15 to 35 percent 
retained on No. 14 sieve, and from 65 to 85 percent retained on No. 48 
sieve. 

Fine sand should be added to natural sand that is deficient in fines, 
The sand used in plaster coat should have not more than 4% percent of 
shale and other expansive material by weight. The mix should be 1 
part of portland cement to 14% parts of sand by weight. Retempering of 
the mix should not be permitted. 

The wall should be wet down prior to plastering in such a manner 
that a proper and uniform suction is obtained. Immediately prior to 
applying the plaster, a thin cement grout should be well brushed into 
the wall surface. The plaster coat should vary uniformly from an average 
thickness of 144 inch at the top to % inch at the bottom. It should be 
protected from abrasion and too rapid drying for at least three days. 

2) Cement wash: Cement wash should be prepared by mixing 
portland cement with water to give a creamy consistency. The cement 
should be screened into the water to prevent lumping. The wash should 
be applied to clean and dampened walls. It should be protected from 
abrasion and too rapid drying for at least three days. 


4. STAVE SILOS 
A. Quality of staves 


Staves used in silos should conform to the following Specifications: 

1) Flexural strength: The average flexural strength of five staves 
at the time of delivery shall be not less than 690* psi and the flexural 
strength of an individual stave shall be not less than 660 psi. 

2) Absorption: The absorption after submersion in water for 24 
hours shall not exceed 6 percent by weight. 

3) Minimum thickness: No stave shall have a thickness at any 
section less than 2.0 inches. 





*This represents 120 Ib. per inch of width on a 2.5-in. thickness of plane-faced stave 
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4) Marking: All silos shall bear a distinctive mark of the manu- 
facturer of the staves used in its construction. 

5) Inspection: Proper facilities shall be provided the purchaser for 
sampling and inspection either at the factory or at the site of work, 


‘whichever may be specified in the contract. At least ten days from the 


time of sampling shall be allowed for the completion of the tests. All 
tests shall be made in accordance with the methods specified in sections 
12 and 13. 

6) Expense of tests: The expense of inspection and testing shall be 
borne by the purchaser, unless otherwise specified in the contract. 

7) Selection of staves for test: Staves for testing shall be selected 
by the purchaser or by a competent representative authorized by him 
to do this work. Such staves shall be representative of the lot of staves 
from which they are selected. Full size staves shall be used in all cases. 

8) Number of staves per sample: The sample for testing shall consist 
of five full size staves. 

9) Marking: All staves selected for testing shall be permanently 
identified before shipment to the laboratory. 

10) Moisture content at time of test: The staves shall be submerged 
in water for 24 hours prior to testing. They shall be loaded immediately 
after removal from submersion. Surface water may be wiped off with 
a damp cloth. 

11) Measure of thickness: The thickness of plane-faced staves shall 
be taken as the average of five measurements made with a thickness 
gage reading to 1/1000 in. These measurements shall be taken along 
the short axis (or at the break) of the stave at one inch from each edge, 
at the quarter points, and at the center point. This average shall be 
recorded to the nearest 1/100 in. 

12) Width: The width of plane-faced staves to be used in calcu- 
lating the flexural strength shall be the laid-up width. This width shall 
be taken as equal to one fourth the distance measured between corres- 
ponding points on the first and fifth staves of five staves fitted together 
on a plane surface, so as to obtain the minimum over-all width. 

13) Position: The stave shall be supported on a 24-in. span and 
loaded at midspan. The surface of the stave intended to be on the 
exterior of the silo shall be in tension under the test load. The end 
supports shall be free to rotate in directions parallel and perpendicular 
to the long axis of the stave and shall be sufficiently stiff so that the 
load is substantially uniformly distributed along their length. Padded 
bearing plates 2 in. wide shall be used at the supports and at the central 
knife-edge. The set-up shall be such that no torsional moments are 
developed. Special bearing blocks shall be used when testing non- 
planer staves. 
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Fig. 1—Apparatus for testing silo staves 


_ NOTE:—Fig. 1 shows the details of an apparatus for testing silo staves, which com- 
lies with this specification. 


14) Speed of loading: The speed of the moving head of the testing 
machine shall not be more than 0.05 in. per minute. 

15) Flexural strength: The flexural strength of plane-faced staves 
shall be determined by the following calculation: 


Flexural strength in psi -— 


The flexural strength of staves with non-planer faces shall be deter- 
mined by the following formula: 





Flexural strength in psi = ae 
in which W = the maximum load in pounds 
b = the width of plane-faced staves 
d = the thickness of plane-faced staves 
c = the distance from neutral axis to extreme tensile fibre 
in inches 
I = the moment of inertia of a section normal to the long 


axis of the stave in inches to the fourth power. 
16) Absorption samples: The sample for the absorption test shall 
consist of one of the two pieces (approximately a half-stave) of each of 
the five staves which result from the flexure test. 
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17) Marking: Each piece shall be marked so that it may be identi- 
fied at any time with the stave from which it was taken. The marking 
shall not cover more than 5 percent of the area of one face of the half- 
stave. 

18) Drying: ‘The pieces shall be dried in an oven at a temperature 
between 100 and 110 C. (212 and 230 F.) and weighed at 24-hour inter- 
vals until the loss in weight does not exceed 0.2 percent of the previous 
weight. 

19) Accuracy of balance: The balance used shall be sensitive to 
within 0.05 percent of the weight of the smallest piece tested. 

20) Immersion: The dry weights of the pieces shall be obtained 
after which they shall be immersed in water at room temperature (60 to 
80 F.), for 24 hours. They shall be removed from the water and allowed 
to drain for 60 seconds by placing on %% in. or coarser wire mesh, visible 
surface water being removed with a damp cloth, and immediately 
weighed. 

21) Percent absorption: The absorption is the difference between 
the wet and dry weight of the sample divided by the dry weight and 
multiplied by 100. 

B. Joints 

The joints of stave silos should be closed by pointing with cement 
paste or mortar, by cement washing or by plastering; or, if special 
joints are used, by pouring. One of these methods or a combination of 
these methods may be used. 


5. BLOCK SILOS 
A. General 


Block silos are those built of precast concrete units other than staves. 
B. Quality of blocks 

Hollow blocks should conform to the current “Standard Specifications 
for Hollow, Load-Bearing Concrete Masonry Units” of the American 
Society for Testing Materials, for the grade of block having a minimum 
compressive strength on the gross area of 1,000 psi. Solid blocks should 
conform to current ‘Standard Specifications for Solid Load-Bearing 
Concrete Masonry Units” of the American Society for Testing Materials, 
for Grade A blocks, having a minimum compressive strength on the 
gross area of 1,800 psi. 
C. Minimum dimensions 

The over-all thickness of the blocks as laid in the wall should not be 
less than 6 inches and the face shell thickness should not be less than 
1% inches. 
D. Provision for lateral pressures 

External hooping, spaced not farther apart than every second course, 
should be provided to withstand the whole lateral pressure due to the 
ensilage. (See Table 4 for lateral pressures.) 
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E. Provision for vertical load 

The maximum unit compressive stress on the net area due to the 
vertical load should not exceed fifty percent of the compressive strength 
of the unit. 


F. Mortar 

The mortar used for laying up the blocks should not be leaner than 
one of portland cement to two of plaster sand by weight. Tully bedded 
joints should be used. The aggregate should contain not more than 4% 
of 1 percent of shale and other expansive material. See Sec. 3 A 


6. MONOLITHIC SILOS 
A. Wall thickness 


The wall thickness measured in a radial direction should not be less 
than 4 inches if external hooping is used; and of such thickness that the 
metal reinforcement is protected both inside and outside by not. less 
than 2 inches of concrete if embedded reinforcement is used. 


B. Construction joints 

Whenever it is necessary to interrupt the placing of the concrete for 
walls for more than two hours, the concrete should be levelled and its 
surface roughened by brooming after set has started but before the 
concrete has appreciably hardened, Just before placing is resumed, a 
thin cement paste should be brushed into the surface of the previously 
placed concrete, 

7. DESIGN CONSIDERATIONS 

A. Lateral pressures and hoop spacing 

The lateral pressures of silage given in Table 4 comprise all the lateral 
pressure data known to the Committee. These data were obtained in a 
research study in which U, 8. Department of Agriculture, the New 
Jersey Agricultural Experiment Station, the National Association of 
Silo Manufacturers, and the Portland Cement Association cooperated. 
The work was done at the Dairy Research Farm, Sussex, New Jersey. 
The data include results from four tests using corn silage and 12 tests 
using grass silage, The grass silage data have been separated into two 
groups, alfalfa and peas, according to the chief material ensiled, Variables 
other than those shown in Table 4 were included in the investigation, 

The data of Table 4 are plotted in Fig. 2, from which it is at once 
evident (a) that the relation between lateral pressure and head of silage 
is expressed by a curved line and (b) that there is no justification for 
assigning different pressure relations to different ensiled materials, 
Study of the data indicates clearly that lateral pressures increase with 
moisture content and with the diameter of the silo, It should be noted 
also that no data exist for silage heads greater than 40 ft. In the past, 
the silo industry has used equivalent fluid weights of 11 lb. per cu, ft, for 
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corn silage and 20 lb. per cu. ft. for grass silage. The two heavy straight 
lines on Fig. 2 represent the pressure-head relations of these equivalent 
fluid weights. The 20-lb. per cu. ft. relation is conservative for low 
heads and is not suitable for extrapolation. 

Because silos are built with heights greater than 40 ft., extrapolation 
becomes a practical necessity. Knowing the dangers of extrapolation, 
the curve of best fit was obtained by least square. This is the heavy 
curved line of Fig. 2 marked L=3.3h'“ in which 1 =lateral pressure 
in psf and h= vertical distance in feet from the point at which pressure 
is determined to the top of the silage. The lateral pressure of either 
grass or corn silage of moisture content not exceeding 75 percent should 
be calculated by this formula. 


cr 4a tT TT 
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t Alfalfa Peas } 
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Fig. 2—Lateral pressure in pounds per square foot = L 


The regression lines were nearly parallel, indicating good correlation 
between this curve and the data. The apparent accuracy with which 
the equation is expressed does not, of course, indicate that the formula 
will tell closely the pressure in a given silo. It is evident from Fig. 1 
that the lateral pressures for individual silos may vary widely from those 
given by the equation. A method of calculating silo pressures which 
includes the major variables, such as diameter and moisture content, 
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is highly desirable, but such a formula has not been developéd, nor are 
the data required for its development available at the presesft time. 


Referring again to Fig, 2, it will be seen that the lateral pressures 
for silos 2, 12, and 13 are markedly in excess of the lateral pressures 
of the curve and also that the moisture contents were 81, 77, and 77 
percent respectively. For this reason, the use of the equation L =3.3h'“ 
has been limited in the “Practice” to silage having moisture contents of 
75 percent or less. 


The use of silage of higher moisture content would not cause collapse 
of the silo but might do damage requiring repairs before refilling. Using 
the data for silo 13 as an example, its lateral pressure at a 40-ft. head is 
1.78 times the curve pressure. Assuming a unit stress of 20,000 psi in 
the hooping for the curve pressure, the unit stress in silo 13 would be 
20,000x1.78 = 35,600 psi, a unit stress within the elastic limit. The 
strain in the steel would unquestionably exceed the elastic recovery of 
the concrete, and in consequence, vertical cracks would develop between 
the staves, thus permitting leakage. The leakage will cause surface 
damage to both staves and hoops but will also reduce the lateral pressure. 
Hence no danger beyond the possibility of a local and easily repaired 
surface damage will result from the use of high moisture content silage 
in silos with hooping designed by the curve L &3.3h"4, 

Values of the recommended lateral pressures and the corresponding 


hoop spacings for 4%-in. and %%-in. diameter rods and an allowable unit 
stress of 20,000 psi calculated by the formula below are given in Table 3. 


24f,A. ; 
LD (1) 
in which s spacing of hoops in inches 
f, allowable unit stress in the hoop in psi, 
A, area of hoop in sq. ‘in. 
L lateral pressure in psf, 
D diameter of silo in feet inside to inside of silo wall, 


B. Vertical wall loads, widths and depths of footings 

Silage pressure on the silo walls has a vertical as well as a lateral 
component. The vertical component might also be called a friction 
load developed because of settlement or the tendency of silage to settle. 
Data for vertical loads on walls are available from the same source as 
for lateral loads. ‘These data are given in Table 6 and are plotted in 
Fig. 3. The curve of best fit for the data of Table 6 was found to be 

f §.5n'*... (2) 

in which f vertical wall load in psf 
and h depth below top of silo in feet 
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TABLE 5—WEIGHTS IN POUNDS Sata REQUIRED FOR 50 FOOT 


Figures in brackets are relative weights. 





Diameter | Design Lateral 
of Hooping | Stress Pressure Diameter of Silo in Feet 

inches psi psf —_— 
10 12 14 16 18 20 








(1.0) (1.0) (1.0) (1.0) (1.0) (1.0) 





% 20,000 | L=3.3h1- 851 1118 1452 1830 2200 2660 
(0.92) (0.93) (0.96) (0.94) (0.95) (0.96) 

%& % | 20,000 | L=3.3h' 782 1041 1386 1728 2099 2567 
a. (1.25) (1.31) (1.25) (1.37) (1.41) (1.41) 

* 18,000 20h 1062 1470 1825 2510 3110 3775 
a. (0.88) (0.85) (0.87) (0.86) (0.87) (0.84) 

* 18,000 Lih 745 958 1268 1575 1916 2238 


| 
} 











a. Spacings used were those given in ‘‘Silo Hoopage Standards’, February 29, 1940, National Assod 
ation of Silo Manufacturers. 


NOTE:—Weights for a combination of %-in. and %-in. hoops are greater than for 
the combination of 1% and 5 hoops. 


TABLE 6—VERTICAL LOADS ON SILO WALLS DUE TO SILAGE 





Silo No. | m1 | av | vn | x XI | XVI 





Ensiled | | | 
Material Corn Alfalfa | Peas 
Moisture | 
Content% | 75 74 78 68 68 | 72 
Diameter | | 
of Silo 18.0 18.0 12 18 18 18 
Reference | A C A A | A A 
h | 
5 39 27 41 26 24 46 
10 70 66 67 51 | 58 84 
15 95 98 95 | 92 | 81 128 
20 133 126 188 123 116 151 
25 176 246 166 144 179 
30 233 265 225 176 =| 199 
35 | 270 264 | | 218 
40 | 300 | 307 | 244 
| 











Reference A—Mimeographed paper r entitled ' ‘Observations on the Storage of Gra ass Silag e”’ by H. 1. EB. 
Besley and J. R. McC almont, presented at the annual convention of the NASM, Chicago, 
Dec. 2, 1940. 
i; ie % ahed paper entitled ‘ ‘A Progress Re mae New Jersey Silo Research Project 
by I yom W. R. Humphries, J. R. McCalmont, and W. H. Tamm. 1940. 


The vertical load per foot of circumference at a distance h is given by 


h 
F = J 55h = 264k! ee eee (3) 
0 
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For a vertical cylindrical wall centered on an annular footing of any 
type the width at the base of the footing required to support the wall 
and vertical friction loads is given by formula (4): 





















































12h r : 
Ww = (12.5t+2.64h'8,) ee apie is celal a ie a a ee ce és . (4) 
P 
: sn 0 
Fig. 3— Vertical friction .. | Silo Dia. Percent Silage 
load in ‘oon per square ic . No. Moisture 
foot = + 10} Re 3 18 14 corn 
2 SW 4 (8 74 corn 
Cs re os —=— 3 2: BB ae 
2. ee ~~ | l0 18 68 alfalfa 
2 30}-—__+—___ TARRY — i 18 68 alfalfa 
wv ~ | 16 18 172 peas 
‘O40 SEE as AB = 
c le 3 RN | 
B50 | in 
tee ee ee “Og 
©0 4 — 
50 100 150 200 250 300 350 400 450 500 
in which w = width of footing in inches at the base 
h, = distance from top of silo to top of footing in feet 
t = thickness of wall in inches 
p = allowable soil pressure in psf 
The increase in width of a footing for a 14x40 ft. silo when the weights 


of the roof, chute, reinforcing steel, footing and 2% foot foundation wall 

were added to the weights of the stave wall and the vertical friction 

load, was 6.4 percent. Considering the uncertainty as to the allowable 

soil pressure, sufficient accuracy is obtained by use of the vertical friction 

pressure and the weight of the wall. If desired, the increment in width 

required for additional loads can be obtained by use of formula (5): 
124 W 


y= OS ey ey Yer nediewuee ee 
- parD , 


in which Aw = increment in width of annular ring footing for an 
increment in loads of A W pounds. 
p = allowable soil pressure in pounds per square foot 
D diameter of silo in feet inside to inside of silo wall. 

The widths of footings calculated by formula (4) for the recommended 
soil pressures are given in Table 1 and Table 2, with a 12 in. minimum 
width. 

Wind loads need not be considered in the design of silos not exceeding 
60 feet in height, because the vertical pressure due to wind is (a) small 
relative to the total load resulting from the gravity load of the silo and 
the vertical component of silage pressure, (b) of short duration when of 
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maximum intensity, and (c) because the chance of maximum wind load 
and maximum silage load occurring simultaneously is small. 


The width of footing required for vertical load and wind load, if 
considered, should be calculated by formula (6): 


w wn 22h. (12.5¢+-2.64h'8, +), Oe Pere ene 
Pp 


in which the significance of the symbols is as previously defined and 
h, = distance from ground line to the top of the silo walls 
plus an allowance for the roof, 
NOTE:—F¥ormula (6) is based on a horizontal wind pressure of 15 psf on the vertical 
projection, 

Plain or reinforced footings should be designed for depth according to 
Building Regulations for Reinforced Concrete (ACI 318-41) or the 1940 
report of the Joint Committee submitting Recommended Practice and 
Standard Specifications for Concrete and Reinforced Concrete. 


The depth of plain footings should be calculated by formula (7) 


Vp 
l we Daa LNs Shake haben % 0.3 ee (7) 
131 
in which p = allowable soil pressure in psf. 
and w = width of footings in inches as calculated from formula 


(4) or formula (6). 
d = depth of footing in inches. 
Shear is not a limiting factor in the design of silo footings as described 
herein. 
Recommended soil pressures: In the absence of tests or other specific 
knowledge of the safe bearing capacity of the soil, it is recommended 
that the following values be not exceeded: 


Bearing Ratio 

Kind of Soil Capacity d 

psf w 

Type 1) Sand and gravel 8,000 68 
Type 2) Firm any, wet sand or clay and sand mixture. . 4,000 48 
Type 3) Soft clay. Jamar ieisseadselasas ; 2,000 34 


These values are teed in calculating widths and depths of footings 
given in Table 2, with the help of formulas (4) and (7), 8 in. being the 
minimum depth. 
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SYNOPSIS 


This paper discusses the problem of concrete durability with reference 
primarily to highway bridge structures located in regions subject to 
severe frost action. Four major types of deterioration are defined and 
illustrated and several specific matters which have bearing on the prob- 
lem, including the effect of construction variables, modern vs. old fash- 
ioned cements, air entrainment and the so-called ‘“‘cement-alkali” aggre- 
gate reaction, are discussed, The report concludes with a series of 
recommendations indicating certain corrective measures which should 
be taken, 


INTRODUCTION 


During the summer of 1944 I had the opportunity of making a rather 
extensive survey of concrete highway bridges located in the States of 
Wyoming, Oregon, Washington and California. This survey was part of 
aresearch program recently undertaken by the Public Roads Administra- 
tion for the purpose of investigating the causes of the alarmingly rapid 
rate of disintegration which was being observed in these and other 
Western States. In all some 200 structures ranging in size from small, 
single span bridges to major grade separation structures, and in age from 
3 to 30 years, were inspected. The total time available for this survey 
was about 3 weeks. For this reason no detailed examinations were 
attempted. However, sufficient notes were taken to provide a very good 
record of the type and extent of the disintegration, if any, as well as the 
parts of the structures which were most seriously affected. Following the 
inspection, a report was prepared which included, in addition to a de- 
scription of the types of failure observed, a discussion of certain matters 
which appeared to be pertinent to the problem, such as construction 


*Presented at Thirtieth Annual Convention, National Sand and Gravel Association, Cincinnati, Ohio, 
January 22, 1046 
tPrincipal Engineer of Teata, U. 8. Public Roads Administration, Washington, D. C, 
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variables, modern vs. old-fashioned cements, the so-called “alkali. 
aggregate’ reaction, air entrainment, etc. The report also contained 
suggestions as to corrective measures, including definite recommendations 
for changes in specifications, 

This paper has been written more or less around the Western report and 
I trust that any of you who may have chanced to read that report will 
forgive any repetitions of thought which may appear. However, in 
this discussion I shall generalize my remarks with the idea of covering 
the problem from a national rather than from a regional standpoint, 
Fortunately, most of my discussion of the Western regional problem 
applies equally well to the broader field and this I shall endeavor to bring 
out in the discussion to follow, 


THE PROBLEM 


I am quite sure you will agree with me that the lack of durability which 
is 80 evident in concrete exposed to severe natural weathering, is a most 
serious problem. The present condition of far too many concrete bridges 
and pavements, here in the Kast as well as in the West, bears mute 
testimony to the truth of this statement. I am also equally sure that 
you will agree that this is a matter with which you, as manufacturers of 
one of the essential components of concrete, should be vitally concerned, 
I am aware, of course, of the excellent work being done by your organiza- 
tion through the Research Foundation at the University of Maryland. 
In my opinion we should not only continue but should materially expand 
our activities along the lines represented by this project because I tell 
you frankly unless we can find the answer soon we are going to be faced 
with a drastic curtailment in the volume of concrete used in highway 
work. This is going to take the form of substitute types—-that is, sub- 
stitution of wood and steel for concrete in the construction of bridges 
and the substitution of bituminous types for concrete in the construe. 
tion of pavements. ‘lo me this would be distinetly unfortunate. Con- 
crete has great possibilities as a structural material, Its extreme ver- 
satility accounts for the enormous strides which have been made in its 
use during the past half century. Much of this work has been good, 
However, the defects which have developed, particularly in the newer 
structures, are sufficiently serious to warrant real concern. In faet, 
the trouble is so serious that unless we can learn to design and build 
structures which will have a more reasonable life expectancy than many 
of those built within the last 15 years or so, | am very much afraid this 
material will lowe the high place in the construction field to which its 
inherent advantages entitle it, I say the last 15 years advisedly, because 
there is evidence from many sources that, by and large, concrete struc: 
tures built after 1930 or thereabouts have not proved as durable in 
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service as earlier structures subjected to the same weathering conditions, 
[ shall discuss this situation more fully later on, 

For the purpose of this discussion, we shall define durability as that 
property of concrete which enables it to resist the destructive forces 
produced by one or more of the following causes: (a) Natural weathering, 
that is, repeated freezing and thawing, heating and cooling, wetting and 
drying. (b) Chemical attack from the outside, as for example attack 
by sea water or the alkalies in soils, Also attack by chloride salts used 
on pavements for ice removal. (c) Expansion caused by elements within 
the concrete, such as unsound cement, expansive aggregate, or a chemical 
reaction between cement and aggregate, 

In this discussion we are not concerned with so-called structural 
failures as such. ‘These usually result from faulty design and in the case 
of bridges at least, are quite rare. However, cracking which results from 
structural failure is significant from the standpoint of durability because 
of the likelihood of moisture penetrating the cracks followed by freezing 
and ultimate disintegration. 


TYPES OF DETERIORATION 


My inspection of Western bridges indicated to me that, aside from 
structural failure, the deterioration of concrete in service may be classified 
with respect to cause into four distinet types. Furthermore, such ob- 
servations as | have made in the East lead me to believe that the de- 
scription of the four types which I prepared for the Western report apply 
equally well to conditions in other parts of the country. The relative 
frequency with which the various types appear may be quite different 
but examples of all of them have been observed in other sections. | 
think you will agree with this when you hear the following description of 
the several types which | prepared for the Western report and which has 
been somewhat amplified for this discussion, principally for the purpose 
of bringing pavements as well as bridges into the picture. 


Type 1. Deterioration due to gradual or normal weathering. 


This is indicated usually by slight surface erosion and pitting, rounded 
corners, etc, Pavements may show considerable surface wear, which 
should not be confused with scaling, as well as spalling along the edges 
of cracks and joints, particularly if joints have not been properly main- 
tained, Many old bridges may also show cracks due to settlement and 
impact from colliding vehicles, (Fig. 1.) The edges of such cracks show 
little evidence of weathering. Concrete of this type has a good ring under 
the hammer and a good sharp chip may be obtained, The matrix is dense 
and crystalline in appearance and usually a bluish-gray in color, This 
condition is evidence of sound, durable concrete, eapecially when found 
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on structures subject to severe natural weathering. We find concrete 
of this character on many of the older pavements and bridges. 


Type 2. Deterioration due to accelerated weathering. 

This type of failure is all too common, particularly in areas subject to 
severe frost action. In the case of bridges it is usually evidenced first by 
the formation of fine cracks on the surface of exposed members such ag 
clirbs, handrails, end posts, tops of retaining walls, wing walls, etc. They 
usually appear first on surfaces adjacent to construction joints or at 
cracks and other points where water can enter. (Fig. 2.) Cracks of this 
type also tend to form along the edges of thin members such as curbs and 
handrails. The cracks are ordinarily close to and parallel to the edge and 
are usually filled with a dark-colored deposit, probably calcium carbonate, 

Concrete containing cracks of the type 2 variety, frequently called 
“D lines,” has little strength and can be broken easily under the hammer, 
The matrix has a dull, chalky appearance in sharp contrast to the dense, 
compact, bluish-gray matrix usually found in good concrete. Progressive 
and rapid disintegration usually follows the appearance of D lines. (Fig, 
3.) In the case of pavements, cracks of this type almost invariably form 
first along transverse joints and cracks where water can enter, later along 
longitudinal joints and free edges. D lines at the joints are frequently, 
but not always, followed by scaling and progressive spalling of the type 
with which you are all too familiar. 

On bridges, distress of the type 2 variety, if it develops at all, usually 
starts in the relatively thin members of the superstructure. ‘They are 
the members most directly exposed to weathering. ‘The sections are 
frequently thin, necessitating the use of a rather fine graded, coarse 
aggregate which, in connection with the fact that these members usually 
contain considerable reinforcing steel, tends to result in the use of a higher 
water content than in the heavier members, even though the cement 
content in bags per cubic yard may be exactly the same. This raises a 
question as to whether thin sections should be used where the concrete 
will be subjected to severe weathering. In the case of pavements, the 
frequency with which distress of this type develops along transverse 
expansion joints, would indicate the desirability of reducing to the 
minimum consistent with good design the number of such joints, e& 
pecially in regions where trouble of this typé may be anticipated. 


Type 3. Deterioration due to chemical attack from the outside, 


Deterioration of this type is the result of chemical attack by aggressive 
waters, such as sea-water, acid waters carrying mine and factory wastes, 
water containing alkalies leached from the soil, ete, Sulfate salts in 
these waters attack the lime in the concrete with the formation of cal- 
cium sulfo-aluminate, a double salt which exerts great disruptive force 
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Fig. 1. (top) - Type 1 deterioration. Structural damage due to colliding vehicle. Concrete 


sound, Bridge built in 1921, photographed in 1944. 
Fig. 2. (center) — Type 2 deterioration. Formation of “D" lines at construction joint, 
Bridge built in 1931, photographed in 1944. 


Fig. 3. (bottom) — Type 2 deterioration, Advanced disintegration. Note good concrete 
~ rail at left illustrating non-uniformity of concrete. Bridge built in 1931, photographed 
n 1944. 
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through the process of crystallization. Deterioration of this type starts 
with a general softening of the surface followed by crumbling and general 
disintegration. So far as this discussion is concerned, I shall treat 
corrosion of concrete caused by chemical attack as a special case and shall 
not go into detail. Failures from these causes are not nearly so wide. 
spread as those due to type 2 deterioration. Furthermore, a great deal of 
work has been done on this particular problem. 

However, I would like to discuss a type of pavement failure which may 
be classified as type 3 and which is the result of using calcium or sodium 
chloride for ice removal. Pavements and sidewalks so treated, especially 
if the concrete is new, will almost invariably scale badly, the mortar 
surface being, in many cases, completely removed during the first winter, 
(Fig. 4 and 5.) Failures of this type have unfortunately been quite com. 
mon, as you well know, particularly on heavily traveled roads of the 
Northeastern States. A specific remedy for this condition has apparently 
been found in air entrainment, which will be discussed later. 


Type 4. Deterioration due to abnormal expansion. 


All concrete will expand or contraet when subjected to changes in either 
temperature or moisutre content. This property is recognized and 
provided for in the design of the structure. Occasionally, however, a 
tendency towards abnormal expansion develops which cannot be ex- 
plained in the usual way. Some failures of this type which have been 
noted in the past were probably due to unsound cement. There is, of 
course, no particular mystery about this type of failure, as it is well 
known that so-called hard-burned free lime may exist in cement that has 
been improperly manufactured and that the gradual hydration of this 
lime within the concrete will cause disruptive expansion. Manufacturers 
of portland cement claim that failures of this type have been entirely 
eliminated by the adoption of the autoclave test for soundness of cement, 

Aggregates, also, may be responsible for abnormal expansion, — lither 
thermal or moisture effects, or both, may be involved, In Nebraska and 
Kansas, for example, the use of the prevailing aggregate (sand-gravel 
from the Platte and other rivers) in conerete pavement construction 
almost invariably results in abnormal expansive cracking within a few 
years, The blending of other types (called sweetening) with the sand. 
gravel usually corrects the difficulty, 

In discussing the effect of aggregates on the durability of concrete, Lam 
not thinking in terms of manifestly unsound materials, as for example, 
shales and cherts, which break down readily under freezing and thawing, 
Such materials should never be used in conerete and we have tests (un 
fortunately not too good) whieh will identify and reject them. T am, 
however, concerned with the possible effect of wide variations in the 
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Fig. 4 (top) ~ Type 3 deterioration, Partial removal of mortar top from pavement due to 


mae use of chloride salts for ice removal. Pavement built in 1934, photographed in 
4, 


Fig. 5. (bottom) ~ Type 3 deterioration, Complete removal of mortar top from pavement 
at heavily salted intersection. 
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thermal and elastic properties of aggregate on similar properties of the 
concrete in which they are used. These effects are not nearly so well 
understood. However, it should be quite obvious that when an aggre- 
gate having either an unusually high or an unusually low thermal co- 
efficient of expansion is rigidly bound in concrete by a matrix having a 
different coefficient of expansion, internal stress is bound to develop 
when that concrete is subjected to temperature change. The same is 
true for aggregates having wide variations in their capacity to absorb 
moisture. Not too much attention has been paid to these matters in the 
past. More attention will be paid to them in the future. 


The most serious form of delayed expansion which has so far been 
positively identified cannot be attributed to unsoundness in either the 
cement or aggregate alone. Rather conclusive evidence of the so called 
“cement-alkali aggregate’’ reaction has been observed in several western 
areas, including Wyoming, Washington and California. This type of 
cracking is generally assumed to be due to internal expansion resulting 
from a reaction between small amounts of the alkalies (sodium and 
potassium oxides) in the cement with certain siliceous constituents of the 
aggregates. In certain cases opaline silica has been identified as the 
reactive material in the aggregate. In other cases certain igneous rocks, 
mostly volcanic, have been identified as reactive. The action was first 
observed in Southern California by T. E. Stanton and later in the Mt. 
Ranier region of Washington by Bailey Tremper. It has subsequently 
been identified in Western Nebraska, as well as in portions of Wyoming 
and Idaho. It has, so far as I know, not as yet been positively identified 
in any State east of the Mississippi River, although there are indications 
that some of our troubles with concrete here in the East may be due to 
this cause. 


So far, evidence of the alkali-aggregate reaction has been based almost 
entirely on observation of structures in service and on expansion tests of 
specimens containing high and low-alkali cements in combination with 
aggregates of various types. Tests and experience correlate very well 
insofar as the identification of combinations which cause trouble is 
concerned. However, the actual mechanism of the action is not yet 
fully understood although various agencies, including the Bureau of Ree- 
lamation and the Portland Cement Association, are working on this 
phase of the problem. 

Failures due to this reaction are characterized by the formation of 
relatively wide,.open cracks of appreciable depth and usually roughly 
parallel to the longitudinal axis. (Fig. 6.) Random or pattern cracks, also 
open and rather widely spaced, are frequently formed. (Fig. 7.) Failure 
due to abnormal expansion may or may not be followed by ordinary 
weathering (type 2) depending upon the severity of exposure. For 
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Fig. 6. (left)—Type 4 deterioration. Wide, open cracks in wing wall. Concrete otherwise 
sound. 


Fig. 7. (right) - Type 4 deterioration. Wide, open, random cracks in pedestal cap. Con- 
crete adjacent to cracks hard and sound. 


example, certain structures in southern California which showed char- 
acteristic cracking of this type as early as 1937 are still in about the same 
condition, indicating that expansion has ceased. In the absence of frost 
no further action has developed in these particular structures. On the 
other hand, there is considerable evidence from structures located in 
higher altitudes to indicate that failures which may have been started by 
abnormal expansion have been greatly accelerated by freezing and thaw- 
ing, ultimate disintegration resulting from a combination of the two. 
Positive identification of the type or types of a particular failure is not 
always easy. This applies particularly to structures in which distress 
due to alternate freezing and thawing (type 2) may have been preceded 
by expansion due to an alkali-aggregate reaction (type 4). In such cases 
it is probable that the internal expansion due to chemical action or 
differential thermal stress may so weaken the concrete as to greatly 
lower its resistance to frost action. This theory also tends to explain the 
disturbing fact that some concrete structures built under modern speci- 
fications and under close engineering supervision, and which by all the 
rules should be durable, are not performing as satisfactorily as they 
should. However, the theory does not explain why many of the older 
structures located in the same areas are still in good condition. The 
cements used in the old structures (age 20 years or more) were probably 
as-high in alkalies as were the corresponding cements made 10 or 12 years 
ago. The aggregates also were of the same general type. However, there 
were other differences in the cements which may explain the inability 
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of some of the more recently constructed bridges to resist weathering as 
well as comparable structures built 20 or more years ago. This possi- 
bility will be discussed more fully later in the report. 


GENERAL DISCUSSION 


In the balance of the paper I should like to discuss one or two phases 
of this problem which I consider quite significant. In doing so, I shall 
use virtually unchanged the discussion which I originally prepared for the 
Western report. Except in one particular, that discussion applies 
equally as well to the national as to the regional problem. The exception 
concerns the so-called cement-alkali reaction. So far as we know now, 
this reaction which causes type 4 expansion, is not a problem in the East, 
although as I previously stated, further investigation may reveal that it 
is the cause of some of our trouble in this part of the country also. 


CONSTRUCTION VARIABLES 


It is a basic principle of concrete making that, given sound materials, 
durability is governed largely by the quality of the cementing ingredient 
—that is, the cement paste—and, further, that the quality of the paste 
is controlled largely by its relative water content (the water-cement 
ratio). This principle is as firmly established today as it ever was al- 
though the relatively new principle of air entrainment may seem at first 
thought to run counter to the idea that durability is a function of the 
density of the concrete. 


The influence of the water-cement ratio on durability is so well recog- 
nized today that virtually all specifications for concrete to be exposed to 
severe weathering either require directly that the water-cement ratio 
not exceed 6.0 gallons per sack of cement, or specify requirements for 
minimum cement content and consistency in such a way as to insure 
that this value is not exceeded. A study of specifications governing 
construction of the various bridges inspected on the Western trip indi- 
cates that, in general, proportions were used which would insure com- 
pliance with this requirement in combining materials at the mixer. Un- 
fortunately the process of handling and depositing concrete in the forms, 
even when done under good supervision, frequently results in segrega- 
tion, nonuniform compaction (particularly at joints), bleeding or water 
gain, and so forth. Ideally, concrete should be absolutely uniform in 
composition but variable factors all combine to make a product which 
actually may be far from uniform. The result is that even though the 
water-cement ratio of the mix as designed may be within the required 
limits, the actual water content in certain parts of the structures may be 
too high for adequate protection. The non-uniform distribution of 
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concrete within a member as well as batch-to-batch variations in the 
quality of the concrete as mixed, variations in curing conditions, etc., all 
undoubtedly combine to produce the nonuniformity in resistance to 
weathering which is so often observed in various parts of the same 
structures. I am convinced that at least some of the troubles which were 
noted during the Western inspection can be attributed to these condi- 
tions. 


In this connection, I would like to suggest adoption of a modification in 
placing procedure recently suggested by F. R. MeMillan, of the Port- 
land Cement Association. To prevent accumulation of a layer of 
relatively porous concrete of high water content in the top surface of 
vertical lifts, Mr. McMillan proposes the following: Instead of im- 
mediately striking off the concrete when the top of the form is reached, 
allow it to pile up 2 or 3 inches above the form, leaving it undisturbed 
for an hour or so in order that the excess water resulting from bleeding 
may accumulate in this layer. As soon as the bleeding has ceased, strike 
off and finish in the usual way. The usual porous layer, instead of re- 
maining in the concrete as a potential source of weakness, will be wasted. 
The only loss will be a little concrete, the cost of which is a small price to 
pay for the elimination of a very common defect. 


AIR ENTRAINMENT 

In my opinion, the application of the principle of air entrainment offers 
the most promising immediate solution to the problem of how to obtain 
more durable concrete. Originally suggested as a means for controlling 
salt scaling on pavements, it now appears that, in addition, resistance to 
freezing and thawing in general is greatly improved by the use of an air- 
entraining agent.in the concrete. The effectiveness of air entrainment 
seems to lie in the fact that numerous minute air voids are incorporated 
in the concrete, and that these voids seem to act as cushions against the 
expansive force produced by freezing water. In any event, both labora- 
tory tests and field experience indicate that substantial improvement in 
durability is obtained with little sacrifice in strength provided proper 
control is exercised in the use of the material. 

Air can be entrained in concrete in two ways: first, by the use of 
air-entraining portland cement, a cement in which the air-entraining 
agent has been interground during manufacture and second, by adding 
the air-entraining agent directly to the concrete at the time of mixing. 
For the time being the writer favors the practice of adding the material 
at the mixer for several reasons. The amount of air that will be en- 
trained in any particular case depends upon a number of factors in 
addition to the amount of active agent in the cement. The kind and 
grading of the aggregates, the cement content, the consistency of the 











176 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE October 1946 


concrete, the type of mixer and the mixing time all affect the result, so 
that merely finding the amount of air-entraining agent to be carried by 
the cement, or even fixing the amount of air which will be entrained 
in a standard test mortar as is done in the latest revision of A.S.T.M, 
Specification C-175 is not sufficient. The only way in which the effeet 
of all of the variables can be taken into account is to place control in 
the hands of the engineer on the job, permitting him to adjust the 
amount of air-entraining agent depending upon the particular conditions 
under which he is working. 


It is important that close control be exercised because of the rather 
narrow limits of air content that must be maintained for optimum 
results. At the present time it seems that a total air content of from 3 
to 6 percent based on the theoretical weight of the air-free concrete will 
be about right. Less than 3 percent may not be sufficient for maximum 
durability, whereas when the total air content exceeds 6 percent a 
substantial loss in strength without any further increase in durability 
may result. In a paper* published in June 1944 H. F’. Gonnerman, of the 
Portland Cement Association, presents the results of tests showing the 
effect of using both air-entraining portland cements and air-entraining 
materials added to the batch at the mixer. Several air-entraining agents 
were tested and if properly used should give satisfactory results. How- 
ever, at the moment, the material supported by the greatest background 
of actual experience is Vinsol resin. This material has been used to a 
considerable extent interground with the cement. It has also been used, 
in the form of a Vinsol resin-sodium hydroxide solution, by adding to 
the batch at time of mixing. A weight test on the fresh concrete will 
indicate quite accurately the amount of this solution to add in any given 
vase to produce the required air content. In addition to Vinsol resin, the 
material known commercially as Darex has also been approved for use 
in the manufacture of air-entraining portland cement, under A.S.T.M. 
Specification C-175. This material may also be added at the mixer as 
an air-entraining agent. It has also been used to a considerable extent 
and has the advantage over Vinsol resin of being soluble in water. No 
admixture should be used that has not been throughly tested. 


Although the writer favors the practice of adding the air-entraining 
agent at the mixer, it is realized that there are certain construction 
problems involved in this practice which are avoided by the use of air- 
entraining cement. The difficulty of properly controlling the addition 
on the job of very small quantities of such active materials as Vinsol 
resin is recognized. With Vinsol resin there is also the problem of pre- 
paring the material for use. To many engineers these practical matters 


*'Teats of Concrete Containing Alr-entraining Portland Cements or Alr-entraining Materials Added to 
Bateh at Mixer,” ACI Jounnan, June 1044, Proceedings V, 40 
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outweigh the theoretical advantages of the procedure recommended in 
this report. However, it should be emphasized again that the really 
important matter is the amount of air which is entrained in the concrete 
as mixed on the job. 


Not only must the air content be sufficiently high to insure the desired 
improvement in durability but it must not be so high as to jeopardize 
strength, bond-with-steel or any other essential property of the concrete. 
As previously stated, the optimum range appears to correspond to a 
total air content of from 3 to 6 percent. This is a rather narrow range 
and will require close control. Regardless of the method used to obtain 
air entrainment (by addition of an air-entraining agent at the mixer or 
the use of air-entraining cement), provision for such control during con- 
struction must be made in the specifications which govern the work. 
This can be done through the use in the field of a weight test such as 
A.S.T.M. C 138-44, with provision in the specifications for making such 
changes in materials, proportions, or methods of mixing as may be 
necessary to obtain the proper air content at all times. Methods of 
determining the air content directly have also been developed recently.* 
These methods have the advantage over method C 138 in that the 
results are independent of variations due to errors in the determination of 
specific gravity. 

There are certain indirect benefits associated with the use of air- 
entraining agents that should be mentioned. They have a distinctly 
plasticizing effect, especially in the leaner mixes, and, in general, reduce 
bleeding or water gain substantially. On this account it should be possible 
to obtain more uniform placement and thus avoid some of the segregation 
troubles to which reference has already been made. The additional 
plasticity makes it possible to reduce the sand content about 3 percent, 
thus at least partially compensating for the increased yield (lower 
cement content) which results from the air entrainment. This adjust- 
ment also tends to overcome the loss in strength which almost invariably 
accompanies increase in air content. 


MODERN VERSUS OLD-FASHIONED CEMENT 

Many of the older bridges covered by the Western inspections were in 
surprisingly good condition. In reviewing their condition with respect 
to age they seem to fall roughly into two groups: those built during the 
twenties and earlier and those built subsequent to 1930, It can be 
stated definitely that, on the whole, the bridges in the first group show 
less disintegration than those in the second group, Of 36 bridges built 
before 1930, 24, or 67 percent, were free from defects other than those 
which could be classified as type 1 deterioration, On the other hand, of 


~~. 


*Hee 'Entrained Air in Concrete: A Sympoaium,"’ ACT Jounnan, June 1046, Proceedings V. 42 
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101 bridges built after that date only 28, or 27 percent, were so classified, 
A similar comparison has been furnished by Glen Paxson, Bridge En- 
gineer of the Oregon State Highway Commission. He lists 61 strue- 
tures on U. 8. 30, between Umatilla and Ontario. Of the 37 built prior 
to 1930, 29, or 78 percent, have according to his record shown no evi- 
dence of weathering, whereas of the 24 built after that date only 9, or 37 
percent, are so listed. 

It is reasonable to suppose that, by and large, construction procedures 
are just as good now as they were 20 years ago. Presumably they are 
better. Likewise, engineering supervision has, on the average, improved. 
Certainly it has not deteriorated. The general character of the aggre- 
gates has not changed, although methods of processing, grading, and 
other factors tending to uniformity have improved. In view of these 
facts, it is not surprising that engineers should wonder about the cement. 
It is the one remaining factor. Is there some characteristic of modern 
cements not found in the old-fashioned type that tends to lower resist- 
ance to weathering? 

The one outstanding difference is, of course, fineness. In 1917 the 
A.8.T.M. specifications required that not more than 22 percent be 
retained on the No. 200 sieve. The current specifications for type I 
portland cement require a minimum specific surface of 1,600 square 
centimeters per gram, a limit which is roughly equivalent to 3 or 4 
percent retained on the No. 200 sieve. The increase in fineness has come 
about gradually and largely as the result of demands on the part of users 
for high early strength. This demand culminated in 1930 in the adoption 
of specifications for high early strength cement, with still greater fineness. 

Quite recently a very interesting theory has been advanced which may 
account for the apprent fact that modern cements, ground to a fineness 
corresponding to a specific surface of, say 1,800 square centimeters per 
gram do not make as durable concrete as the more coarsely ground 
cements in use 25 years ago. According to the theory, the maximum 
limit of 2 percent sulfur trioxide which has been carried for years in the 
A.8.T.M. specifications, while satisfactory for the coarser ground prod- 
uct, is not high enough for the more active, finer ground, modern cements. 
This applies particularly to cements high in tricalcium aluminate (C;A) 
as it is largely for the purpose of regulating the hydration of this partic- 
ular compound that the gypsum is employed. Recent investigations 
by the Portland Cement Association indicate that from the standpoint 
of both strength and drying shrinkage, cements of high and moderately 
high C3A content are improved by adding higher percentages of gypsum 
than are allowed by the present specifications. Furthermore, even ce- 
ments cf low C,A content appear to be similarly improved if the alkali 
content is high. There are also some indications that drying shrinkage 
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may be influenced by the alkali content of the cement independently of 
the C;A content. The Association is now engaged in an intensive study of 
this problem, with the idea of determining by means of laboratory freez- 
ing and thawing tests whether the use of larger quantities of gypsum will 
improve durability. If this is found to be the case, the sooner the 
specifications are changed the better. 


CEMENT ALKALI-AGGREGATE REACTION 


The Western inspection confirmed the belief that there is need for 
restrictions on the alkali content of portland cement when used in areas 
where alkali-reactive aggregates are found. It is true that all of the 
aggregates in these areas may not be reactive. However, at the present 
time there are no tests, so far as the writer knows, that will reveal this 
characteristic in a reasonable length of time. The conventional expan- 
sion bar test requires several months at least. Furthermore, as pointed 
out by Tremper, cements high in alkali may react with certain aggregates 
in such a way as to weaken the resistance of the concrete to freezing and 
thawing even though the reaction is not sufficient to cause expansion in 
the bar test. For these reasons it seems wise, at least for the time being, 
to restrict the percentage of sodium and potassium oxide in the cement 
to 0.60 or less, calculated as Na,0, in all areas where there is any evidence 
that reactive aggregates may be found. 


RECOMMENDATIONS 


The following recommendations regarding specification changes are 
essentially the same as those which were made in connection with the 
Western report. They apply with equal force to the country as a whole: 

That, where concrete is to be exposed to severe frost action, specifica- 
tions be revised, where necessary, to require, in addition to a suitable 
cement content, that the free water content of the mix shall, in no case, 
exceed 6.0 gallons per sack of cement. 

That, where concrete structures or portions of structures (including 
pavements) will be exposed to severe frost action, provision be made to 
entrain sufficient air in the fresh concrete so as to produce a total air 
content of from 3 to 6 percent, based on the theoretical weight of the air- 
free concrete. 

That the desired air entrainment be obtained preferably by adding an 
approved air-entraining agent to the concrete at the time of mixing, in 
such quantity as will maintain the percentage of air within the limits 
specified. 

That approval of any material proposed for use as an air-entraining 
agent be based on data obtained from either research or field use, or both, 
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that are sufficiently comprehensive to demonstrate to the satisfaction 
of the contracting agency that the proposed material, when used as 
required, will not seriously affect the strength or other essential properties 
of the concrete. 


That, when the desired air entrainment is to be obtained by the use of 
air-entraining cement: (1) The cement meet the requirements for air 
entrainment given in A.S.T.M. Specification C-175-46 T; and (2) the 
specifications authorize the engineer to require such changes in materials, 
proportions, or methods of mixing as may be necessary from time to 
time to maintain the percentage of air within the limits specified. 

That, in all areas where tests or previous experience indicate that 
alkali-reactive aggregates may be encountered, specifications for port- 
land cement be modified by requiring that the total percentage of sodium 
oxide plus 0.658 times the percentage of potassium oxide shall not exceed 
0.60. 
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Wear Resistance Tests on Concrete Floors and Methods 
' of Dust Prevention* 


By GEORG WASTLUNDt 


Member American Concrete Institute 


and ANDERS ERIKSSONt 


SYNOPSIS 

This paper presents a description of tests made on concrete floor 
specimens of various types in order to determine their resistance to wear 
and to investigate the character of deterioration of concrete floor rurfaces 
due to traffic. The results of these tests show that conerete floors pro- 
vided with finish courses containing coarse aggregate up to about ‘s 
inch in size and an excess of pea gravel are definitely superior to concrete 
floors with a finish course containing fine sand only which are common 
in Sweden at the present time. Moreover, this investigation has helped 
to elucidate the causes of the often very severe and detrimental dusting 
of concrete floors. The surface skin of concrete floors is of poor quality 
and is easily abraded. Dusting can be considerably reduced if the 
poor surface skin is removed by machine grinding provided that the 
concrete below the surface skin is of first-rate quality. The paper con- 
cludes by proposing a detailed tentative specification for concrete floor 
finish which differs in essentials from current Swedish practice, 


INTRODUCTION 
Extensive wear resistance tests on concrete floors were made at the 
Swedish Cement and Concrete Research Institute, Royal Technical 
University, Stockholm, in the autumn of 1943, and the results of these 
tests were published in the Proceedings of the Institute No. 5 (e), Eng- 
lish edition. The following is a brief account of these tests. 


DETERIORATION OF CONCRETE FLOORS 


The most common types of concrete floor deterioration are: 
*Received by the Institute March 22, 1946. Originally published in Proceedings of the Swedish Cement 
and Concrete Research Institute at the Royal Technical University .Stockholm, 1945. 
tProfessor of Bridge Engineering, Royal Technical University, Stockholm 
tResearch Engineer, The Swedish Cement and Concrete Research Institute at the 
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Fig. 1—Pit, about 6 in. in dia. and 1;sin. deep in E-cement concrete floor in storage 
room of department store. Traffic was comparatively dense, but not very heavy. Wheels 
of trucks were rubber-tired. 


(1) heavy wear resulting in profuse dusting, (2) crushing of concrete 
floor surface resulting in pits which manifest a marked tendency to in- 
crease in width and depth, (3) scaling of the shell of mortar covering the 
pieces of coarse aggregate just below the floor surface and (4) cracking. 

All these types of deterioration cause trouble. Dusting is frequently 
so copious that the goods stored in warehouses are covered with a thick 
layer of dust. In machine shops and factories, dusting increases wear of 
machinery as the dust penetrates into bearings and sensitive parts. 

Pitting occurs on concrete surfaces subjected to relatively heavy 
traffic, particularly where trucks do not have rubber tires, and the con- 
crete is of poor quality. Surface blemishes of this type are shown in Fig. 
1. Poor quality of a concrete floor is often due to the use of inadequate 
concrete mixes and inappropriate methods of construction. 


Deterioration of the type mentioned under (3) is common on bridge 
decks, and may be assumed to be caused by freezing and thawing or by 
shocks and impacts produced by traffic. 

Cracking can be an indirect cause of serious damage as cracked concrete 
surfaces are particularly liable to crushing and pitting. 
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THE PRINCIPAL METHODS OF CONCRETE PAVEMENT CONSTRUCTION USED 
IN SWEDEN 


The usual method of concrete floor construction used in Sweden, 
where a smooth surface is required, consists in placing on a concrete 
base slab a floor topping made of mortar which contains 1 part of port- 
land cement to 2.75 parts by volume of sand having a maximum grain 
size of 2z to Y%inch. The consistency of the mortar is usually as moist 
earth. In order to obtain a smooth and dense surface under these cir- 
cumstances, the floor surface must be sprinkled with water during wood- 
floating and steel-trowelling. Floors of this type have given both good 
and bad results in practice, but in general these floors are liable to con- 
siderable wear and intense dusting. 

Under the late war conditions, when standard portland cement was 
rationed, the same method of concrete floor construction was sometimes 
used, but standard portland cement was replaced by E-cement, a blend, 
consisting of about 60 percent portland cement and 40 percent of an inert 
finely divided material, such as ground stone. To compensate in a 
measure for the inferior quality of this cement, a richer mix (1 to 2.25) 
was used. Experience has shown, however, that this type of floor is a 
complete failure, and it has often been stated, that “such floors can be 
swept away.” 

For highly wear-resistant concrete floors some special types of wearing 
courses have been advertised, most of them being of German make. In 
these wearing courses ordinary sand is replaced, wholly or in part, by 
extra hard aggregate. These special finish courses are known under 
various trade names; for instance, Concrete Hardener, Diamantconcrete, 
Duromit, Hard Concrete, and Westphal. All these finishes have given 
good results, but such floors are, as a rule, constructed by firms specializ- 
ing in this field. Moreover, these special finishes are a good deal more 
expensive than the ordinary types of floor toppings. 

On floors of the two-course type with a special wearing course which is 
placed after the base slab has hardened, the topping is often subject to 
cracking which may be due to two causes—failure of bond between the 
topping and the base, and greater drying shrinkage of the topping in 
comparison to the base. To prevent these drawbacks, attempts have 
been made to abandon the use of a special wearing course and to smooth 
directly the surface of the base slab. This method has been successfully 
applied in cases where no great freedom from dust is required, and where 
the consistency is comparatively stiff. For this purpose, two principal 
types of concrete slabs have been developed, slabs usually 6 inches in 
thickness placed and compacted by means of screedings and tamping 
machines, and thinner slabs, usually from 4 to 41% inches in thickness, 
placed and compacted with vibrators. The cement content is usually 6 
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sacks per cu. yd. in the former case and 5 sacks per cu. yd. in the latter, 
First-rate workmanship is stipulated in the specifications of the Royal 
Swedish Board of Roads and Waterways, “ ®.* These types of slabs 
have met the requirements for roadways and similar purposes. 
P Slabs made of vibrated concrete have found particularly wide applica- 
tion during the past few years. They are also used for floors in factories 
and warehouses, and have in most cases proved suitable, 

The methods outlined above represent only the more important main 
types. Each of these methods permits many variations in the surface 
finish, such as wood-floating, brushing, steel-trowelling or rolling. 


SCOPE OF THE TESTS 


The new road testing machine of the Swedish Road Institute 
was used in making these tests and reproduced actual service conditions 
so well that results are directly applicable in practice. 

The main program consisted of wear tests on 13 concrete slabs made 
and treated according to different methods, and on one limestone speci- 
men. The limestone slab was included to provide a control specimen 
that was as invariable as possible in its properties with which all other 
specimens subjected to. these tests and to later investigations could be 
compared. In addition, similar test specimens were cast according to 
the same methods, but on a small scale. These specimens were subjected 
to wear tests in a Bauschinger testing machine at the Swedish State 
Institution for Testing Materials. Furthermore, shrinkage measurements 
were made on prisms, compression tests on cubes, bending tests on beams, 
and dynamic elasticity measurements on small beams. All these test 
specimens were made of the same concrete mixes which were used for the 
main test specimens. 


TESTING METHODS 


The road testing machine “ is provided with a circular testing path 
(Fig. 2), having an inner diameter of 14 ft. 6 in. and an outer diameter 
of 20 ft. The testing path is divided into seven sectors, each 2 ft. 10 in. 
wide and with a mean length of 7 ft. 3 in. measured on the median circle. 
Fach sector consists of a concrete box which can be moved out of and into 
the test room by means of various lifting and conveying devices. 

The machine is provided with a vertical shaft which carries six hori- 
zontal arms. In normal tests a driving wheel connected to a separate 
D.C. motor is attached to each of these arms so that the wheels travel 
over the testing path, and are steered by the shaft (Fig. 3). The speed 
of the shaft, the resistance to the motion of the wheels and the wheel 
pressure can be varied within wide limits. 


*Figures in parenthenia refer to the bibliography at the end of the text. 
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Fig. 2—Road testing machine during wear tests. At left is shown one of the two driving 
wheels, left center a steel truck wheel and at right a leather-covered wheel. 























Fig. 3—Cross-sectional view of the road testing machine in normal operation. 
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For the purpose of the wear tests dealt with in this paper, the concrete 
floor specimens were made in the concrete boxes mentioned above, and 
then stored in a room adjoining the test room. <A short time before the 
beginning of the tests, the boxes were moved into the test room and put 
into the road testing machine. Two different floor specimens were made 
in each box, each specimen being about 2 ft. 10 in. in width and about 3 
ft. 7% in. in mean length. 

Two truck wheels covered with solid rubber tires and coupled to 
separate D.C. motors were attached to the arms of the shaft. The wheels 
travelled in a circular track in the middle of the testing path and re- 
volved the shaft. Unlike the other wheels, these two wheels moved with 
rolling motion only. The wheel pressure was 1760 lb., the diameter 
of the wheel 2 ft. 1 in. and the width of the wheel rim 2° in. 

The other four arms of the shaft were provided with pivot under- 
carriages specially designed and constructed for these tests (ig. 2), 
Each of two of these under-carriages were fitted with a steel truck wheel, 
and each of the other two with a leather-covered wooden wheel. The 
steel truck wheels were completely bare, 2% in. wide 12 in. in diameter, 
with a pressure of 880 lb. The axle of each wheel was mounted at an 
angle of 4 degrees in relation to the corresponding radius of the shaft. 
In this way each wheel was forced to roll and to slide at the same time. 
The leather-covered wooden wheels were ordinary cart-wheels covered 
with first-rate sole leather fastened to the rim with iron brads without 
heads. The wooden wheels were 34% in. wide, 2 ft. 8 in. in dia., with a 
wheel pressure of 220 lbs. The wheel axle was mounted at an angle of 4 
degrees in relation to the corresponding radius of the shaft. The leather- 
covered wheels were used to reproduce the wear due to workers in medium 
heavy shoes walking on the floor. 


PREPARATION OF THE TEST SPECIMENS 


As mentioned above, the number of the test specimens were limited to 
14. In drawing up the test program, it was found desirable to include in 
the tests the largest possible number of floor types and to give special 
attention to the floors made of E-cement concrete. Characteristics of 
the specimens are given in Table 1. ‘Test specimens 1 to 9 were pro- 
vided with special finish courses placed after the concrete base had hard- 
ened. Specimens 10 to 13 were of the one-course type placed in an 
uninterrupted sequence of operations. 

The concrete used for the test specimens | and 4 was made in accord- 
ance with current Swedish practice, that is to say, it contained relatively 
fine sand (Vig. 4). This mix was too dry to allow satisfactory compact- 
ing. In order to render possible wood-floating and steel-trowelling, water 
was added by sprinkling the surface. A further characteristic of these 
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TABLE 1—CHARACTERISTICS OF TEST SPECIMENS, SURFACE TREATMENT, 
AND CONSISTENCY OF CONCRETE 


| 


| Mix by | Maximum! 
Teat | Weight | w/C Particle 
Specimen | Cement (Cement (Gallons Size Consistency Surface Notes 
No. | Grade Aguregate)| per Sack) | (in.) of Concrete lrreatment 
l | Btd. | 183.8 | 4.74 | ly moist earth  |steel-trow- 
elled 
i 2B | 147 1 oe VW “ “ 
5 0 1:2.8 3.27 | iy e 5 
6 | E 1:2.8 1.05 by plastic, 2% 
in. slump (4 
Vebe-degrees 
a | 2 1:2.8 4.05 Dy e | surface 
treated 
with mag- 
nesium 
fluoride 
7 Ie 1:2.8 1.05 | n e brushed 
3 Std | 133.5 1.05 | Din stiff, 3% in. steel-trow- 
slump (14 Ve-jelled 
be-degrees) 
2 Std 1:3.5 1.05 Di = 
y Std 1:1.73 3.84 ly stiff 
10 | Std La .8 5.85 | 1% stiff, O in. 


slump (26 Ve- 

be-degrees) 

1] 1D 1:6.15 1.30 14 stiff, O in. 
slump (35 Ve- 

} be-degrees) 

12 Std 1:6.85 1.74 2\4 stiff, O in. brushed 
slump (29 Ve- 
be-degrees) 

13 Std 1:5.5 3.61 54 moist earth sa 
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Fig. 4—Sieve analyses of aggregates used in test specimens. 
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Fig. 5—Test speci. 
men 4 using E. 
cement. Mix by 
weight 1:2.7, max. 
imum size of ag. 
gregate '% in., w/c 
ratio 0.30, moist 
earth consistency, 
This photograph 
shows how the top. 
ping was tamped. 





test specimens was the fact that all operations were made in an unin- 
terrupted sequence (Fig. 5). 

The test specimens 2, 3 and 5 to 8 were on the whole prepared in 
accordance with recommended American practice,“ using a coarser 
sand and a large percentage of pea gravel (Fig. 4). 

In the case of specimen 5, the consistency was extra dry, and the 
concrete was therefore hard to work. Nevertheless, it was possible to 
carry out wood-floating and steel-trowelling without sprinkling the 
surface with water. 

In the preparation of specimens 6, 7 and 8 the water content of the 
mix was increased so as to obtain a slump of 24% in. The consistency of 
this mix was too wet, but was maintained equal in all three specimens to 
enable the effect of several other factors to be estimated. Specimen 6 
was steel-trowelled. Specimen 7 was finished by smoothing the surface 
with a horse-hair brush. Specimen 8 was steel-trowelled and then 
treated with magnesium fluoride. 

The consistency of the mix used for 2 and 3 was 14 Vebe-degrees*, 
and the slump was ys in. This was found to be adequate in several 
respects; no segregation of water occurred; the workability was good 
and the floor specimens were easy to make. The only difference between 
these specimens was that 3 was compacted by a roller weighing 126 lb., 
whereas specimen 2 was compacted by hand-tamping. However, the 
roller was not suitable for this purpose. A distinctive feature of the 
methods of construction used in preparing specimens 2, 3, and 5 to 8 
was that the individual operations were separated by intervals of rest 
which varied from half an hour to 2 hours. Owing to these intervals of 
rest, the tendency of the cement and very fine aggrgates to be brought 
to the surface was substantially decreased. 

Specimen 9 was an example of ‘Hard Concrete Finish.’”? The topp- 
ing consisted of two courses: the lower, or intermediary, course and 





*Time required (in seconds) to transform a cone of fresh concrete into a flat cylinder through vibration, 
70F 


See also ‘Measuring Consistency of Concrete Mixtures’, Current Reviews, June, 1046 ACI Ju, p. 727, 
Proc, V. 42. 
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the upper, or wearing, course. The intermediary course was %4 in. in 
thickness, and the wearing course 4% in. The mix by weight used for 
the former course was 1 part of standard cement to 3.0 parts of sand, 
0-3z in. and the consistency was that of moist earth, 3.27 gallons of water 
per sack. The mix by weight of the wearing course was 1 part of standard 
cement to 1 part of sand, #a-14 in. to 0.73 part of hard granular aggre- 


gate. 


Specimens 10, 11 and 12 represented vibrated concrete floors, and 
the base slab concrete was finished directly since no special topping was 
used (ig. 6). The fact that the construction was easy in spite of the 
harshness of the concrete and the high percentage of coarse aggregate, 
is entirely due to the merits of the Vibro-Screed which did excellent 
compacting work, and produced a surface which was easy to finish by 
wood-floating and subsequent steel-trowelling. 

Specimen 13 was cast in two courses. The lower course was 6%4 
in. in thickness, and was made of concrete of plastic consistency, while 
the upper course was 1y¢ in. thick, and was made of concrete of moist 
earth consistency. The use of concrete of plastic consistency in con- 
junction with a superincumbent course of concrete of moist-earth con- 
sistency proved to be inadequate since the upper course was very difficult 
to compact. 


Specimen 14 was a limestone slab (Table 1). 


The sand and gravel used for the test specimens were dried and sep- 
arated by screening into fractions. Owing to this special grading, 
accurate and reproducible aggregate mixtures were obtained. 





Fig. 6—Test specimen 10. Vibrated concrete floor, Mix by weight 1:3.2:4.3, w/c 
tatio 0.51, consistency 26 vebe-degrees. This photograph was taken immediately after 
wood-floating. 
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Fig. 7— Measuring 
the depth of wear 
by inserting a dial 
indicator into a hole 
in a steel plate. 





The sieve analyses of the aggregate used for the test specimens are 
shown in Fig. 4. Special attention should be given to the fine sand em- 
ployed for specimens 1 and 4, the discontinuous drooping curves of 
the specimens 2, 3, and 5 to 8 which contain a high percentage of pea 
gravel, and the “harmonic” grading used for specimens 10 to 13. 

The concrete mixer was of an Eirich countercurrent type. The time 
required for each operation was accurately recorded. 

All test specimens, with the exception of 2, 3, and 13 were subjected 
to moist curing under a layer of sawdust for three weeks after placing. 
Specimens 2 and 3 were moist cured for one week only, and specimen 13 
for two weeks. Following the moist curing all specimens were left in the 
air of the laboratory. 

The depth of wear was measured by means of a dial indicator which 
was applied to the surface of the specimen at definite intervals of time. 
The dial indicator rested on a reference plane consisting of a steel plate 
which was fixed by means of three steel plugs embedded in the concrete 
surface of each specimen. The method of wear measurement is illus- 
trated in Fig. 7. 


TEST PROCEDURE 


To begin with, the road testing machine made a total of 3200 re- 
volutions, while the wear was measured from time to time. During this 
first test series the two leather-covered wooden wheels travelled in the 
outer track, the two rubber-covered driving wheels in the middle track, 
and the two steel truck wheels in the inner track. It was found that 
the rubber-covered wheels, which rolled without sliding, did not produce 
any measurable wear of the concrete surface, whereas the effect of the 
other wheels was clearly noticeable. 

After this first test series the attachments of the steel truck were 
moved over to the middle track and provided at the same time with 
new, unused steel truck wheels. These wheels travelled in the middle 
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track simultaneously with the driving wheels. This was done for the 
purpose of making control tests by means of the steel truck wheels. 
This second test series comprised a total of 1300 revolutions. 

Then followed a third test series. This series, which comprised a total 
of 9000 revolutions, was made after the surface of some specimens were 
subjected to machine grinding in order to remove a surface layer ve 
to % inch in thickness. Completely new leather-covered wooden wheels, 
exactly like the others, were used for this test series, 


RESULTS OF THE TESTS MADE IN THE ROAD TESTING MACHINE 


In the graphs of Fig. 8 the depth of wear is represented as a function 
of the number of revolutions of the shaft for test series | during which 
the steel truck wheels travelled in the inner track, and Fig. 9 shows the 
corresponding results of test series 2 during which the steel truck wheels 
travelled in the middle track. In the latter test series a particularly 
large number of observations was made at the beginning. 

These graphs show clearly that the wear of the concrete surfaces 
of specimens | to 13 at the beginning of the tests was greater, and some- 
times much greater, than later. This implies that the surface skin was 
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less resistant to wear than the concrete located immediately underneath, 
Furthermore the curves show that the results obtained for the different 
specimens vary within wide limits. 

The character of the curves referred to above explains how dust is 
formed on concrete floors. The dust obviously comes from the poor 
surface skin of the concrete and is easily rubbed off the surface by the 
traffic, regardless of intensity. This assumption was also confirmed by 
direct observations made in the course of the tests. 

For the purpose of dust prevention on concrete floors it is there- 
fore necessary to remove the loose dusting surface skin in some suitable 
manner. However, in order to obtain a first-rate floor in this way, the 
concrete located immediately below the surface skin must, of course, offer 
greater resistance to wear than this skin. In practice this is often not 
the case, and then it is impossible to improve a poor floor by removing 
the surface skin. 

The surface skin may be removed in many different ways. During 
construction, the surfaces of several test specimens, such as 7, 12, and 
13, were brushed with a horse-hair brush in order to remove scum and 
laitance formed on the surface. Any favorable effect of this treat- 
ment was not noticed during the tests. In the case of one of the test 
specimens an attempt was made to remove the surface skin by acid 
treatment, but the result was still worse because the acid penetrated 
below the skin and decreased the strength of the concrete. On the other 
hand, the tests showed that machine grinding resulted in a marked 
improvement of the surface. 


It may be seen from Fig. 9 that the thickness of the loose surface 
skin varied from about ¢y to Ye in., depending on the specimen, 
Before a skin of this thickness is worn off in practice, great quantities 
of dust will have formed. If all values of wear obtained in the first 
test series (Fig. 8) are plotted after deduction of the values correspond- 
ing to 625 revolutions, the graph shown in Fig. 10 will be obtained, ‘The 
curves are plotted to the same scale as in the previous graphs. As may 
be seen from this figure, the wear is considerably reduced after 625 
revolutions. 

An examination of the comparative quality rating of the test spee- 
imens, a8 represented in Fig. 8, shows that the difference between them 
is very great. The worst specimen is 4 which is provided with a finish 
course containing only fine sand and K-cement of moist-earth con- 
sistency which represents a concrete floor of the ordinary type much 
used in Sweden during the past few years, 

The worst specimen next to the foregoing is the corresponding specimen 
1, made of standard cement. Then follows specimen 13 made of com- 
bination concrete, It may seem surprising that this specimen did 
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}—-——}- o- Fig. 9 (left)—Wear results, series 2. Steel truck wheels. 
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not turn out better, but this is due to the fact that the cement content in 
this case was much lower than in the foregoing specimens, and that 
proper tamping of the surface of the specimen proved impossible be- 
cause the concrete base was too wet. An intermediate group without 
any notable variations in comparative rating comprises the specimens 
provided with a separately placed wearing course containing a high 
percentage of pea gravel (special attention is directed to the fact that 
both standard cement and [-cement specimens belong to this group) and 
the specimens made of vibrated concrete, were also without any notable 
differences between standard cement and E-cement specimens. Among 
these specimens is also specimen 8 which is provided with a wearing 
course of K-cement concrete containing pea gravel, and which was 
treated with magnesium fluoride, ‘This specimen is rather worse than 
the corresponding specimen 6 which was not treated with magnesium 
fluoride. ‘This may be regarded as a pure chance occurrence, 

The fact that an E-cement concrete floor can be as good as a cor- 
responding floor made of standard cement concrete, may be explained 
by two circumstances, first the slightly higher cement content of all 
specimens of the former type and second the complete removal of sand 
below > in. in grain size. Nevertheless, this fact is remarkable in 
any case, It shows that good floors may well be made of k-cement 
concrete provided that they are constructed in the right way, 
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In order that a fair comparison should be made between the specimens 
provided with a separately placed finish course and the specimens made 
of vibrated concrete, it must be borne in mind that the cement content 
of the former was only 60 percent of the cement content of the latter. 

The graph shows that the best concrete specimen was the specimen 
provided with a topping of “‘hard’”’ concrete. The loose surface skin on 
this specimen was very thin, but it was present, nevertheless. 

The graph shows, furthermore, that the limestone specimen proved to 
be superior to all concrete specimens, but this is due to the inferior 
surface skin of the latter. If the surface skin is removed, the compar- 
ison is partly reversed. 

The comparative rating is on the whole the same in Fig. 9 which 
represents the values obtained:from a similar series of tests, that is 
series 2, during which the steel truck wheels travelled in the middle 
track. 

An examination of the comparative rating of the specimens according 
to the depth of wear after 625 revolutions (Fig. 10) shows that the ordi- 
nary K-cement floor specimen 4 has given the worst results also in this 
case. Next follows specimen 13 made of combination concrete, and then 
the ordinary standard cement floor specimen 1. The wear of all other 
specimens was very small. It is to be observed that the limestone 
specimen is no longer the best. On the contrary, it is worse than most 
other types, and even worse than some specimens containing E-cement. 
Hence it follows that, apart from the weak surface skin, a first-rate 
concrete floor offers a greater resistance to wear than a floor made of 
limestone slabs. According to this graph the best specimens are now the 
specimen made of “hard” concrete and the specimen provided with a 
separate wearing course of sand, pea gravel and standard cement (Speci- 
men 2). This graph is a convincing proof of the fact that first-rate 
floors can also be made of E-cement concrete since the curve for speci- 
men 6 almost coincides with the curve for the “hard” concrete specimen. 

The limestone specimen curves in the graphs are not rectilinear be- 
cause the steel truck wheels were gradually polished by wear with the 
result that the wear of the surface of the specimen became less heavy. 


Fig. 11 shows some results obtained from test series 3 during which 
wear was measured on the surface of the specimens after a layer of #¢ 
to 7s inch in thickness had been removed by machine grinding. The 
results refer to the wear tests made by means of the steel truck wheels. 
It may be seen from this graph that the concrete floor specimens made in 
accordance with usual Swedish practice provided with finish courses of 
E-cement or standard cement and fine sand form an especially poor 
quality group. This is due to the fact that the mortar was much too dry 
during the placing of the specimens. Therefore, it was impossible to 
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Fig. 11—Wear results, after the 
removal of 3; in. to % in. by 
grinding. Steel truck wheels. 
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compact the mortar so as to obtain proper density. It was only the 
surface that was rendered dense because it was sprinkled with water 
during wood-floating, but the concrete immediately below the dense 
surface remained porous, and it is this porous concrete that accounts 
for the great depth of wear. 

Fig. 11 shows very clearly that the wear can be reduced to a minimum 
by removing the loose surface skin by machine grinding. However, 
grinding is likely to give good results only in those cases where the 
concrete located immediately below the skin is of first-rate quality. In 
practice the floors may be ground without any considerable additional 
expense, by means of grinding machines designed specially for this 
purpose. 

Fig. 12 shows the depth of wear made by the leather-covered wooden 
wheels as measured during the tests. The relative order of the curves is 
in part reversed as compared with those of the foregoing figure since the 
position of specimen 1 has improved, while that of specimen 7 ranks 
lower. This may be due in part to accidental circumstances and in part 
to the different behavior of the concrete surfaces in the cases of light 
and heavy traffic. Light traffic results in uniform wear, while heavy 
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Fig. 12—Wear results. Leather-covered wooden wheels. 


traffic produces wear in conjunction with local defects due to crushing 
and impacts. In these tests, however, which represented light traffic, 
it was for the most part the weak skin that was slowly worn off the 
surface of all specimens, and this skin cannot be regarded as _ repre- 
sentative of the quality of a floor in the long run. Series 3 included also 
a number of measurements of the wear produced by leather-covered 
wheels on those surfaces where the skin was removed by grinding, and 
these measurements result, on the whole, in the same comparative rating 
as in the steel truck wheel tests, except that the expected comparative 
rating of specimens 1 and 4 was obtained in this case (lig. 13). 


RESULTS OF VISUAL INSPECTION OF THE TEST SPECIMENS DURING AND 
AFTER THE TESTS 

As a general estimate of all test specimens, with the exception of 
1 and 4, it may be stated that they withstood the tests very well. In 
the beginning, before the layer of laitance was worn off, profuse dusting 
was observed, but as wear proceeded, dusting decreased, and after a 
relatively short testing time dusting was considerably reduced on most 
specimens. 

In addition to pure wear, other types of deterioration were observed 
on several test specimens. Pitting occurred in particular on specimen 
4, and also on specimen 1. The pitted areas on these specimens formed 
obvious weak points which gave rise to heavy deterioration during con- 
tinued testing. On those test specimens which were not provided with 
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Fig. 13—Wear results, after 
the removal of 3’; in. to % in. 
by grinding. Leather-covered 
wooden wheels. 
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Fig. 14—Test specimen 
11, series 1, after 3200 © 

revolutions. Steel truck — 

wheels. Vibrated E- © 
cement concrete floor, | 
The coarse aggregate | 
is laid bare by the 
crushing of top mortar "as 
layer. 





any finish course, the steel wheels crushed the shell of cement mortar 
that covered the particles of coarse aggregate located near the surface 
(Fig. 14). 


PROPOSED SPECIFICATION FOR CONCRETE FLOOR FINISH 


The quality of a concrete floor depends primarily on correct and accurate construc 
tion, In view of the fact that it is almost impossible to improve a poor concrete floor 
after completion, it is extremely important to make certain that the floor is correctly 
constructed from the beginning. Therefore the authors present for consideration the 
following specification for the construction of concrete floors, for the main part in 
accordance with American recommendations, 
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If possible, the floor topping shall be placed simultaneously with the placing of the 
the base slab. 

If this is not practicable for some reason or other, so that the floor topping is placed 
after the concrete base has already hardened, the surface of the base slab shall be 
thoroughly cleaned prior to applying the topping. No later than one day after 
placing, the surface of the base slab shall be brushed with a steel wire brush so as to 
remove all laitance and to lay bare the uppermost particles of coarse aggregate. It 
is important that this be done no later than one day after placing since it is then 
easier to clean the surface. 

Before placing the wearing course, the surface of the base slab shall be kept thor- 
oughly wet for at least 3 days. The concrete of the base slab should be saturated 
with water so that its expansion after placing the topping will be negligible. Ip 
this way the stresses due to shrinkage of the topping will be reduced, and this is 
important since these stresses give rise to cracking and disruption of bond if they 
become too high. 

Immediately before applying the wearing course, a thin coat of 1:1 cement-sand 
grout shall be broomed into the surface of the base. The surface shall not be ex- 
cessively wet and must have dried several hours so as to become absorbent. Ab- 
solutely dry sand shall be mixed with cement, dry so that no setting reactions can 
occur if the mixture is left to stand for some hours. This mixture shall then be 
applied to that part of the floor which is to be treated shortly, and shall then be 
broomed into the surface with a stiff broom, water being added at the same time 
with a watering-can. The cement grout formed in this manner shall be thoroughly 
broomed into the surface so that no portions of the surface remain bare. The coat of 
cement grout covering the surface shall be very thin. The cement grout shall not 
be applied so early that the surface of the base can become dry before the topping 
course is placed, that is, it shall be applied no earlier than half an hour prior to the 
placing of the topping course. 

The mix proportions of standard cement to aggregate shall be from 1:3.5 to 1:4 by 
weight. The aggregate shall contain sand and pea gravel not exceeding }} to 
43 in. The ratio of sand smaller than ;; in. to pea gravel shall be from 1:1 to 
1:1.5 by weight. The water cement ratio shall be determined with a view to insuring 
good-workability of the concrete, i.e. a slump of about 7% inch. The grading of the 
sand is of less importance provided that the sand is neither extremely fine nor 
coarse. A recommendable sand grading curve is the straight line that connects 
the point 3 percent for +z’; in. mesh to the point 100 percent for ,; in. mesh 
in the logarithmic grading chart. In those cases where the wearing course is com- 
pacted by vibration, the mix proportions of standard cement to aggregate should be 
changed to 1:4.5 to 1:5 by weight, whereas the ratio of sand to coarse aggregate 
may remain as is specified in the above. 

The topping shall be placed as usual so as to obtain a finish thickness from 1 to 14 
inches, The topping shall be brought to grade with a strike-off board guided by laths 
placed and accurately set beforehand. The topping shall first be screeded to a level 
about 3 inch above the finish floor grade. After the topping has been struck 
off for the first time, it shall be compacted with a tamper. Compacting shall be 
done thoroughly so as to insure that the concrete is consolidated into a dense mass 
throughout. After compacting the surface shall be struck off to the finish grade. 
The surface shall then be wood-floated. Floating shall be reduced as much as 
possible in order to prevent excessive quantities of fines from being brought to the 
surface. After wood-floating the surface shall dry until no excess water is left, so 
that the surface feels just damp when it is wood-floated for the second time. Im- 
mediately after second wood-floating the surface shall be steel-trowelled. 
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If sunlight is likely to strike upon the floor surface, it shall be protected by canvas, 
After the floor has hardened one day, it shall be subjected to moist curing which shall 
continue at least one week, but two or three weeks if possible. 

If the floor surface is to be finished by machine grinding, it should be done after the 
surface has hardened sufficiently, that is, after one week at least. Too early grind- 
ing may result in dislodgment of coarse aggregate, deteriorating the floor. 
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Reinforced concrete marine forts and floating docks 
Concrete and Constructional Engineering, V. 41, No. 4 (Apr. 46), pp. 97-106 
Reviewed by GLENN Mureny 

This article consists of an abstract of a paper read before the Royal Society of Arts 
by G. A. Maunsell in which he described some unique examples of reinforced concrete 
construction. Included are descriptions of a series of forts constructed as cylindrical 
towers and planted in the open sea and a series of floating docks intended to be towed 
over sea. Photographs and detailed drawings of the precast ribs and wall slabs for the 
floating dock units are included, 


Krazen Bridge, Switzerland 
Concrete and Constructional Engineering, V. 41, No. 4 (Apr. 46), pp, 107-108 


Reviewed by Gurnn Murpny 

This article describes an open spandrel simple arch with a span of 442 ft. The two 

arch ribs are 7 ft. 8 in. deep by 5 ft. 2 in. at the crown and 14 ft. 2 in. deep by 8 ft. 6 in. 

wide at the springs. Vibrated concrete developing a cube strength of 6400 psi, at 28 

days was used throughout the structure. Chrome steel having a tensile strength of 82,500 

psi. and a yield point of 54,500 psi. was used for reinforcement. Working stresses up to 
26,000 psi. were used in the steel. 


A new insert for expansion joints in concrete surfacings 
G. Von Seggern, Strassenbau, 1942, 33 (21/22), 121-2. Road Abstracts, XIII, No, 6, June 4, 1946, 
Hianway Resrancu AnsTracts 
A description is given of a tubular expansion joint insert of stainless steel with closed 
ends which is claimed to be more capable of adaption to slab movements than the wooden 
insert generally used. The insert occupies only the lower part of the joint; the upper 
1.6 in. is filled with bituminous filler. The dowels, hooked at alternate ends, are welded 
to the insert, thereby causing it to adhere more closely to the concrete and prevent 
percolation of the filler. 


Repair of reinforced concrete damaged by fire 
Concrete and Conatructional Engineering, v. 41, No. 4 (Apr. 46), pp. 100-111 
Reviewed by GLunn Mureny 
This article calls attention to two recent publications issued by the Building Research 
Station of the Scientific and Industrial Research which discussed fire damage and 
repair of reinforced concrete construction, Studies indicate that fire damage begins in 
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concrete at temperatures between 200 C and 300 C. The color of the burned concrete 
serves as a general index of the fire damage. The Building Research Station recom- 
mends that repairs may be effected satisfactorily if not more than one quarter of the 
reinforcement is exposed. They suggest that it is not worthwhile to repair a slab which 
has a sag more than about 1 percent of the span nor one in which the cracks appear 
through the full thickness of the slab. Details of repair are also recommended. 


Studies of slab and beam highway bridges 
Bulletin No. 363, “Part I, Tests of Simple-Span Right I-Beam Bridges,” by Nathan M. Newmark, Chester 
P. Siess, and Robert R. Penman, Engineering Experiment Station, University of Illinois. 

Release of Univ. or Itu. Exp. Station 

Laboratory tests made on fifteen I-beam bridges are reported. The purposes of these 
tests were: (1) to compare measured strains at various points on the structure with 
values computed from theory; and (2) to determine the ultimate capacity of the bridges 
and their manner of failure. 

These tests were intended to supplement the analytical studies reported in Bulletin 
No. 336, “Moments in I-Beam Bridges.” According to the authors, the effect on the 
behavior of the structure of the discrepancies in the assumptions upon which the 
analysis is based is in general of importance only quantitatively. The qualitative pic- 
ture of the action of the I-beam bridge that is given agrees very well with the observed 
behavior; that is, the relative importance of the variables, the effects of changes in 
proportions, the locations of the maximum moments, the manner of initial failure, all 
are indicated faithfully by the theory. 

The test results are presented in detail in the new Bulletin No. 363, and comparisons 
are made with theoretical calculations in practically all cases. Copies of the publication 
will be mailed free on request for a limited period from the Engineering Experiment 
Station, University of Illinois, Urbana, Illinois. 


Less sand and water in air-entraining batches improves concrete 
Myron A. Swayze, Civil Engineering, V. 16, No. 7, July 1946, pp. 301-303 
Reviewed by J. R. SHankx 
The author makes a number of statements concerning the action of air-entraining 
cements and agents added at the mixer, and discusses the subject generally as in a text 
book. He cites a number of construction jobs where air-entraining agents were used. 
A few of the statements are: ‘More workable, more durable concrete can be obtained 
with mixes containing less water and less sand—and an air-entraining cement, or by 
adding an air-entraining agent at the mixer.”’. “This concrete, with its tiny air cells, 
is more resistant to frost action and salt action and less permeable to water.” “When 
concrete containing air is placed and finished, a notable feature is the greater cohesion of 
the paste, resulting in decreased segregation of the solid components of the mix. Sep- 
aration of water at the top is materially reduced. Finally, the hardened concrete has 
much improved resistance to the action of frost, and to the action of salts commonly 
applied for removing ice from the surface.’”’ and “In the laying of concrete pavements, 
floor slabs and such, there is decidedly less tendency for separation of mortar and coarse 
aggregate in the screeding operation.”’ He calls attention to reduction of bleeding and 
gives bases for designing air-entrained concrete, both for ground-in cement air-entrainers 
and those added at the mixer. 


Use of air entraining concrete in pavements and bridges 
Current Road Problems Bulletin 13 (May, 1946) Highway Research Board 


Reviewed by R. A. Mann, Jt. 


This bulletin discusses the application of the principle of air entrainment to the 
problem of increasing the durability of structures such as pavements and bridges which 
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are subjected to weathering. Certain substances added in very small quantities to 
concrete introduce into the mass a larger amount of air than is found in ordinary con- 
erete. This “entrained air’’ appears to exist in the form of minute disconnected bubbles 
well distributed through the mass. Their presence materially alters the properties of 
both the plastic mixture and the hardened concrete. For example, air-entraining con- 
crete is considerably more plastic and workable than ordinary concrete. Segregation 
in placement and water-gain after finishing are both reduced. Resistance of such con- 
crete to alternate freezing and thawing is markedly improved. The ability of air en- 
training concrete pavements to resist scaling due to the use of salt or calcium chloride 
for ice removal has been demonstrated by both laboratory tests and field observations 
in service. The entrainment of air tends to reduce the strength of the concrete. At the 
present time it is generally agreed that, for a properly designed mix, a total air content 
of from 4 to 5 percent by volume will give a satisfactory improvement in durability 
without serious loss in strength. However, any marked increase in entrained air above 
the amounts recommended will still further decrease the strength of the concrete without 
commensurate improvement in durability. 


Methods of securing air entrainment by the use of special air entraining cements, 
as well as by the addition of air entraining materials at the mixer are described and the 
advantages and disadvantages of each method discussed. 

The bulletin concludes with a discussion of field problems incident to the use of this 
principle with special reference to ready mixed concrete. 

Appendices includé specifications for air entraining cements and for aggregates, in- 
structions for using certain proprietary admixtures, a suggested procedure for evaluating 
air entraining admixtures, and a method of determining the air content of concrete. 


The resistance of road surfacings to tank traffic 
A. R. Cotiins and D. B. Waters, Road Research Laboratory, Department of Scientific and Industrial Re- 
search, England. Road Research Laboratory, Harmondsworth, West Drayton, Middlesex. 

Hiauway Researcn AspsTracrs 

This report describes investigations into the resistance of road surfaces to wear by 
intense tank traffic. Both concrete and bituminous surfacings have been investigated, 
using special testing methods, including a tank wear testing machine and an indentation 
test. 

With concrete surfacings the results show that: (1) The rate of wear increases 
rapidly with increase of intensity of pressure between the tank track and the road. (2) 
The rate of wear in the initial stages is governed mainly by the crushing strength of the 
concrete, irrespective of the age and water-cement ratio. The mix proportions appear 
to have a minor effect. (3) The initial rate of wear of concrete with a crushing strength 
of 2,000 lb. per sq. in. is about five times that of concrete having a strength of 4,000 lb. 
per sq. in., but above 4,000 Ib. per sq. in. the increase in wear resistance is not very great. 
(4) The type of aggregate used has an important effect on the later stages of wear of 
medium and low strength concrete, best results being given by crushed igneous rocks 
and worst results by flint gravels. The type of aggregate has, however, little effect on 
the wear resistance of concrete having a strength of more than 6,000 Ib. per sq. in. 

Some results of a full-scale road test are included and these corroborate the main 
conclusions. They show that concrete having a crushing strength of more than 4,000 
lb. per sq. in. gives satisfactory service. They also emphasize the importance of joint 
design and construction in concrete roads. 

With bituminous surfacings the results show that: (5) The best resistance to wear 
is given by mastic asphalt. Recently developed dense tar surfacing and rolled asphalt 
also give good results, The binder content has a marked influence on the resistance to 
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wear; there is an optimum value above and below which wear increases. (6) In the 
case of the dense tar surfacing, the resistance to wear increases with increase in viscosity 
of the tar binder. (7) Resistance to wear of rolled asphalt is increased with increase 
in filler content. (8) To avoid undue indentation of mastic asphalt by standing tanks, 
the grit content of the mastic should lie between 45 percent and 50 percent., using an 
ungritted mastic containing 13 to 15 percent of 30-40 penetration bitumen and a lime- 
stone powder having 45 to 60 percent passing 200 mesh. (9) Within the limits %-in, 
to \%-in., the size of the grit added to the mastic makes no significant difference in the 
resistance to indentation. 

Recommendations are given for the construction of tank roads in concrete and bitu- 
minous material. 


Permeability of concrete 
L. Borvp Mercen, Commonwealth Engineer, July and August, 1945. Reviewed by L. P. Wrrre 


Factors influencing the permeability of concrete are discussed and the theory on 
which the coefficient of permeability of concrete is determined is analyzed; with the 
influence of each of the many factors such as surface tension, weight of water, diameter 
of tube, being considered in this analysis. Completing this study the author surveys 
the laboratory test methods employed in the United States and other countries. 

The apparatuses used by numerous laboratories are described in detail and a number 
of procedures used are finally separated into the so-called bomb method where the 
water is supplied into the center of specimen under pressure; the porous pot method in 
which the permeability is measured through the walls of a container; the input method 
where the amount of water under head is measured; and the output method where the 
quantity of discharged water is determined, From this study of the methods of pre- 
paring the specimens for test and measuring the flow of water during test, the author 
decides upon a test specimen 1'-in. thick, cut from a 6-in. diameter by 12-in, high 
cylindrical test specimen. This 1'%-in. thick disk is considered as being thin, but the 
author feels that through such a thin disk rapid test results can be obtained which are 
very reliable. The rate that water passes through the disk under a head of 100 Ib. psi. 
was automatically recorded by means of a pluviograph. 

The author concluded from his tests that there was a marked difference in the per- 
meability of disk cut from top of a 6-in. x 12-in, specimen as compared to those 3-in, or 
4-in, down from the top. His results also show a very marked difference between the 
permeability coefficient of specimens cast and tested in a vertical direction as compared 
with those cast horizontally but tested for permeability in a vertical direction, He ex- 
plains this difference as being due to the voids which occur under the aggregates due to 
settlement and water gain while the concrete is still plastic. He feels that the results 
reported by others regarding the effect of water cement ratio and maximum size of 
aggregate on the permeability of concrete are correct, and points out that the coefficient 
may vary from approximately unity for mortars with water cement ratio of .45 to about 
1,500 for 9-in, maximum aggregate with water cement ratios of .90. This conclusion is 
based mainly on the results of tests made by the Bureau of Reclamation. 

The author finally concludes that the problem of designing water tight concrete is 
not so much a problem in the design of proper mixture as one of handling and placing 
the material in its plastic state so that segregation does not occur and so that the flow 
through construction planes and joints are reduced to a minimum and that other condi- 
tions for water tight construction will be met. He contends that the only permeability 
result that has any real value in connection with a water retaining structure made of 
concrete is that which is made upon the structure as a whole. 
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Statically indeterminate structures 


Lawrence ©. Mavan, Ist Ed., 338 pages, John Wiley & Sons, New York: $5.00 
Reviewed by Hate SurHer.anp 


Professor Maugh (University of Michigan), has given us a well written mature work, 
closely knit throughout, which assembles in compact space the modern theories and 
methods of dealing with indeterminate structures, that is, chiefly by successive approxi- 
mations. Hach chapter concludes with several references to advanced treatises and 
to noteworthy research papers. A brief appendix (13 pages) presents a series of dia- 
grams for the determination of the fixed-ended moments and coefficients for beams with 
variable moments of inertia; these include the well known charts in the Portland Cement 
Association Bulletin 8.T. 41. The discussion throughout is illustrated by many well 
chosen examples with numerical solutions, Eighty-one problems are given, which 
greatly aid the teacher who plans to use this valuable text. Competency, compactness 
and refreshing originality are its notable characteristics, 

In the first three chapters are given principle and practice relative to beam and truss 
deflection and to stress determination by the slope deflection and moment distribution 
methods. Despite evident attempt at brevity it is noteworthy that the reciprocal 
theorem is given in relatively general form rather than the more familiar do, Ava, that 
the application of the Williot-Mohr diagram to the determination of the relative dis- 
placements in quadrangular frames is shown, and that the effect of shearing deformation 
in moment distribution calculations is discussed. The brief fourth chapter gives the 
application of moment distribution to building frames with vertical loading and pro- 
vides a sound basis front which to proceed to study of detailed rules and design pro- 
cedures, Here the reader is introduced, though without his knowledge, to the first step 
essential in the methods now being sought for replacing successive approximations by a 
single distribution at each joint with simultaneous relaxation of all joints. He also 
learns very briefly about fixed points. 

In chapter five multi-storied frames with vertical and with sloping columns are 
analyzed, first, by moment distribution using auxiliary restraining force systems at the 
joints, and, second, by the panel method. Iteration is presented for the avoidance of 
direct solution of a series of simultaneous equations, The chapter concludes with the 
application of moment distribution to the determination of secondary stresses in trusses. 
The extension of slope deflection and moment distribution to frames with members of 
variable moment of inertia follows in the next chapter. The principal illustrations deal 
with a three-span rigid frame bridge. 

The somewhat routine problems of continuous trusses and bents are enlivened in 
chapter seven by the presentation of the case of the bent with stepped columns support- 
ing crane girders at intermediate level, 

Following very brief conventional treatment of unsymmetrical two-hinged and hing- 
less arches, the eighth chapter proceeds to apply moment distribution to curved mem- 
bers as they appear in single span and continuous bents, The fixed arch equations, using 
as redundants the reaction elements at one support, are applied to stiff rings, closed 
frames and to fuselage frames for aircraft, The simplification of the arch equations 
through use of the elastic center is also considered, After dealing with the basic cases of 
lension and compression members subjected to transverse loads, the next chapter gives 
4 brief treatment of the suspension bridge with a practical note on the flexible arch. 
The final chapter deals briefly with frames with semi-rigid connections, with space 
frames and with shearing stresses in thin-walled closed sections. 

Heavy loads on bridges 


Roads and Road Construction, V. X XI11, No, 260, May 1, 1045, London. 
Hianway Reanancn Ansrnactrs 


In the 31st annual report of the Country Roads Board of Victoria, Australia, reference 
#8 made to the necessity for allowing unusually heavy loads to cross bridges of various 
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types, and to the general precautions specified in the permits. The conventional Class 
A loading used in design on rural main roads consists of a vehicle with a gross weight 
of 37,500 lb. distributed over two axles 12 ft. apart and with wheels at 6 ft. centers, 
the rear axle carrying 25,000 lb. This load is applied on every 10-ft. traffic lane, and 
is preceded and followed by a uniformly distributed load of 100 Ib. per sq. ft. An impact 
factor of 1.3 is used in design. 

Heavy loads investigated have been carried on specially designed vehicles fitted with 
pneumatic tires with good articulation of wheels and axles, giving very good distribution 
of the concentrated loads. Calculations have been made by the Board’s bridge engineers 
and checked in some instances by deflection and stress measurements. The following 
details relate to particular types of bridges. 


On concrete slab bridges measured deflections were always much less than calculated, 
due partly to a probable under-estimation of the modulus of elasticity of the concrete, 
and also to the effect of lateral distribution. The same is generally true of concrete 
tee-beam bridges, except that the lateral load transfer effected depends on the relative 
stiffness of the beams and deck, and_this needs consideration in each case. Also near 
piers and abutments, where little lateral load transfer can occur, shear may be a govern- 
ing factor. This is especially true of the older concrete structures constructed prior 
to about 1920, the early designs being deficient in shear reinforcement. 

On timber stringer bridges, deflections observed agreed fairly well with calculated 
values, due allowance being made for transfer across the stringers. The amount of 
such transfer varies considerably, as in some cases the decking, and in more recent de- 
sign the cross beams, may be continuous across the width of the structure, and in other 
cases the individual pieces may only extend for half the width. On steel girder and 
truss bridges the deflections observed agreed closely with calculated values after cor- 
rection for distributicn across the structure. 


One of the investigations made concerned the passage of a load of 81.6 tons across 
Lynch’s Bridge. This structure contains five main spans of 70 ft., each span consisting 
of six rows of steel plate girders made integral with the concrete deck by steel stirrups 
welded to the top flange of the girder, the plate girders being propped up at the third 
points during the casting of the deck, so as to keep the dead load of the latter off the 
girder, and to allow for the composite concrete and steel sections to take dead load 
forces as well as those from live load. The lines of girders are 8 ft. apart, the depth of 
the web plate is 54 in., and the deck is 81% in. thick, with a 6-in. haunch over the top 
flange of the girders. 


The special load and the tractor hauling it comprised altogether a train of seven 
axles, the distances between them being 18 ft., 25 ft., 4 ft. 3 in., 32 ft., 4 ft. 3 in., and 
4ft.3in. The front axle with only two tires carried 1.6 ton; the second axle with four 
tires, 9.5 tons; the third and fourth axles with four tires, 12.25 tons per axle; and the 
three rear axles or rows of wheels, carrying a combined load of approximately 46 tons 
comprised four wheels with dual tires on each, the center pair of wheels being 3 ft. 
apart center to center, and the similar distance from the outer wheels being 3 ft. 9 in. 
The whole group of twelve wheels at the back of the load was fully articulated. 


Several passages of this vehicle with its load were made over the structure on different 
occasions, deflection tests being made on the first occasion and extensometers being 
used on later occasions. The maximum deflection under the two central main girders 
was 0.18 in. compared with a calculated deflection of 0.19 in., assuming a modulus 
elasticity of steel ten times thai of concrete. The measured stress in the lower flange 
of the girder was 4,000 psi. compared with a calculated stress of 4,100 psi. The stresses 
in the composite section due to this exceptionally heavy and relatively concentrated 
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joad were actually much less than those produced by the class A design loading. This 
was no doubt due to the good distribution of the isolated load across the structure, and 
to the practically complete absence of impact. 

The deflections of the various girders indicated that 30 percent of the total live loads 
was carried by each of the two central girders, 15 percent by those next to them, and 
5 percent by the the outer girders. It was estimated that approximately 50 percent of 
the transfer of load across the structure was made by steel across frames which exist 
at the center of each span, the balance being transferred through the very stiff concrete 
deck. Calculations indicate that this transfer of load between girders by means of the 
deck involved transverse stresses in the deck approximately 10 percent above those 
caused by full class A loading. 

The tests made on this bridge provide a useful verification of the assumptions made 
in the design of the comparatively long span composite steel girder and concrete deck 
type of construction. A small permanent set was observed after the first passage of 
the heavy load, but this was considered to be due to slight slips occurring between the 
steel and concrete sections of the composite structure, while adjusting itself to the load, 
the structure being unable to return to its original position because of friction between 
the various parts. This conclusion was supported by the fact that considerable noise 
occurred during the first crossing, due to structural adjustment, whereas in subsequent 
crossings there was very little noise. 

From this and other deflection observations it is concluded also that with multi- 
wheeled bogies, well articulated and equipped with pneumatic tires, impact can be 
neglected. 
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REPORT OF THE 1946 NOMINATING COMMITTEE 


The 1946 ACL Nominating Committee; A. J. Boase, Chairman, Frank 
E. Richart, Roy N. Young, Lewis H. Tuthill, P. J. Freeman, D. RB. 
Parsons, Roy W. Crum, Morton O. Withey report the following nomi- 
nations for offices whose terms expire at the 1947 convention: 


President 

STANTON WALKER, Engineering Director, National Sand & Gravel 
Association and of the National Ready Mixed Concrete Association, 
Washington, D. C.; an ACI Member since 1921; member of Standards 
Committee since 1937, and of the Advisory Committee, as Chairman 
Department 200, General Properties, from 1938. Became Chairman of 
the Advisory Committee, February 1945. Member Board of Direction 
since 1940 when he became Director Fourth District by appointment 
to fill a vacancy and twice elected; elected Director-at-Large for a 
three-year term, 1943 and Vice-President, 1945. Re-elected Vice- 
President, 1946. 


Vice-President (to succeed himself) 

Rosert F. Buanks, Chief, Engineering and Geological Control! and 
Research, Bureau of Reclamation, Denver, Colo.; ACI Member since 
1932; member Publications Committee since 1941; Chairman since 
February 1945; Member Board of Direction as Director Sixth Distriet 
1941-42; appointed by Board March 1944 to be Director-at-Large to fill 
a vacancy and re-elected February 1945; Elected Vice-President, 1946; 
Chairman Committee 613, which reported “Recommended Practice for 
the Design of Concrete Mixes,”’now become a Standard of the Institute. 
Has written and participated in the writing of many _ technical 
contributions to ACI work. 


Vice-President 

HERBERT J. GILKEY, Head Department Theoretical and Applied 
Mechanies, Iowa State College, Ames, Ia.; ACI Member since 1924; 
Wason Medalist for Most Meritorious Paper, 1939; Member Standards 
Committee and chairman since March 1944; member Publications Com- 
mittee since 1939; member Board of Direction, as Director Sixth District, 
1937- 38 and elected to the same position 1945 and 1946. 


Director-at-Large (to succeed himself) 

Harry F. THomson, Vice President, General Material Co., St. Louis, 
Mo., an ACI Member since 1928, elected Director Sixth District, 1939 
and 1940, appointed 1942 to fill a vacancy as Director-at-Large, elected 
to succeed himself for a 3 year term in 1944. Mr. Thomson is author of 
two JOURNAL papers and was a member of the Publications Committee 
1940-41. 
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Regional Director, First District (to succeed himself) 

Pau W. Norton, Consulting Engineer, Boston, ACI Member since 
1931; appointed Director First District, to fill vacancy caused by Mr. 
Kennedy’s appointment as Director-at-Large, 1945. Elected Director, 
First District, 1946. Member of Advisory Committee 1940-44. 


Regional Director, Second District (to succeed himself) 

Roy R. Zippropt, Research and Consulting Engineer, Committee on 
Reinforced Concrete Research, American Iron & Steel Institute, ACI 
Member since 1920 and Secretary ACI Committee 318, Standard Building 
Code. Member ACI Publications Committee 1939-41. Author of 
several ACI papers. Elected Director, Second District 1946. 


Regional Director, Third District 

WituiaM H. Kern has been a member of the Institute since 1924 and 
a member of the Publications Committee since 1943. He was graduated 
from the University of Michigan with the degree of B. 8S. in Chemical 
Engineering in 1906 and since then has devoted his professional career 
to the manufacture of portland cement and the production of sand and 
gravel for use in concrete. 

From 1906-11 he was with the Kansas Portland Cement Company as 
Chemist, Plant Engineer and Superintendent. From there he went to 
the Dixie Portland Cement Company and in 1926 became Southern 
Operating Manager of the Pennsylvania-Dixie Cement Corporation. 
From 1936 until July of this year he was Vice-President and General 
Operating Manager of that corporation. He also directed the operations 
of the Dixie Sand and Gravel Corporation from 1915 until 1946. Mr. 
Klein is also a member of the American Society of Testing Materials 
and has served as a member of Committee C-1 on Cement since 1918. 
Regional Director, Fourth District, (to succeed himself) 

H. P. Biauter, Executive Vice President, Connors Steel Company, 
Birmingham, Alabama; graduated from lowa State College with a B. S. 
in Chemical Engineering, 1922; Assistant Engineer: of Materials, 
Illinois Division of Highways 1922-1925; Partner, Hurden Construction 
Company, Springfield, Illinois 1925-1926; Director, Rail Steel Bar 
Association, Chicago 1926-1941; Assistant to the President, Connors 
Steel Company 1942-1943; Executive Vice President, 1944 to date. 
Member of Board of Directors, Connors Steel Company; Consultant 
and member of Board of Directors, Rail Steel Bar Association; Chair- 
man, A.S.T.M. Subcommittee V of A-1 on Reinforcement Steel; Chair- 
man (during World War II) WPB Technical Advisory Committee on 
Reinforcement Steel; Member A.C.I. Committee 318-Standard Building 
Code; Member Joint Committee on Concrete and Reinforced Concrete, 
representing A.S.T.M.; Member American Iron and Steel Institute; 
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Member WPB Industry Advisory Committee, Rail Steel Industry; 
Founders’ Committee, Southern Building Codes Congress and member 
of its Engineering Committee; Member American Iron and Steel 
Institute Committee on Reinforced Concrete Research. 


Mr. Bigler was appointed Regional Director, Fourth District by the 
Board of Direction in Feb. 1946 to fill the vacancy left when Frank H, 
Jackson was appointed Director-at-Large. 


Regional Director, Fifth District 


A. J. Boasz, Manager of the Structural Bureau of the Portland Ce- 
ment Association; ACI Member since 1933; author of many papers and 
reports; chairman of Committee 317 which prepared the “Reinforced 
Concrete Design Handbook”; chairman of Committee 315 which just 
completed its ‘Proposed Manual of Standard Practice for Detailing 
Reinforced Concrete Structures’; chairman of Committee 318, Standard 
Building Code; chairman of Committee 323; member of Committee 
321; former member of the Publications Committee 1941-44. 


Mr. Boase is a graduate in civil engineering from the University of 
Colorado and received his M.S. from the University of Pennsylvania. 
His entire professional life has been in structural design work of one kind 
or another. For eight years following college, he was engaged in design- 
ing dams and tunnels in the Rocky Mountain region, principally for 
the Boston Colorado Power Co. For three years he was manager of the 
Fair Engineering Co., Denver, then joined the staff of the civil engineer- 
ing department of the University of Pennsylvania, and later was made 
head of the civil engineering department of Pennsylvania Military 
College. He left this work to become regional structural engineer for 
the Portland Cement Association at Philadelphia, and in 1932 became 
manager of the Structural Bureau. 


Regional. Director, Sixth District 

Cuartes H. Scuoter, Head, Department of Applied Mechanies, 
Kansas State College, Manhattan, Kansas, has been an ACI Member 
since 1924 and was Director, Sixth District, 1934-35. He is Chairman 
of Department of Materials and Construction of the Highway Research 
Board; Chairman of ‘Technical Committee of the Joint Research Projeet 
on Durability of Concrete (sponsored by H.R.Bd., A.S.T.M. and ACI) 
and is associated with many other technical committees. 

This, briefly, is his record: 3.8. degree in Civil Hngineering, Kansas 
State College, 1914; head chainman U. 8. General Land Office surveys, 
Santa Fe, N.M., 1914-15; chainman, maintenance of way and realign- 
ment problems, Atchison, Topeka and Santa Fe, R.R., Topeka, Kan. 
1915-16; Assistant Mngineer in charge of surveys and preparation of 
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plans, and supervision of the construction of roads, pavements and 
bridges for the Extension Division, Kansas State College, Manhattan, 
Kan. 1916-17; Assistant Bridge Engineer in charge of design and super- 
vision of construction of highway bridges for the Kansas State Highway 
Commission 1917-18; Engineer, design of artillery ammunition and its 
components for the Ordnance Department U. 8. Army, 1918-19; Pro- 
fessor and Head, Department of Applied Mechanics, in charge of Road 
Materials Laboratory of the Engineering Experiment Station (official 
laboratory of the Kansas Highway Commission) Kansas State College, 
Manhattan, since 1919 except for leave of absence to take charge of 
investigational work in New York and Pennsylvania for the Portland 
Cement Association Feb. 1, 1939 to Sept. 1, 1940. He is a consultant 
on cement and concrete problems for various commercial concerns, the 
U.S. Army Corps of Engineers, and the Portland Cement Association. 


Nominating Committee 

The Nominating Committee also presented 20 candidates from among 
whom five are to be chosen to serve with the three latest past-presidents 
as the 1947 Nominating Committee—the candidate receiving the most 
votes on the letter ballot to be Chairman. The 20 candidates: 


R. D. BrapBury W. IF. KeLLERMANN 
S. J. CHAMBERLAIN H. L. KenNEDY 

M. N. Crair H. S. Meissner 

H. I. CLEMMER I’. N. MENEFEE 

A. B. Conen N. M. Newmark 
H. Kk. Davis J. R. Nicuous 

A. Fosrrr, Jr. J. R. SHANK 

V. L. Guover B. W. STEELE 

I, B. Horniprook M. A. Swayze 

V. P. JENSEN BAILEY TREMPER 





r New Members 





The Board of Direction approved 87 Albin, Boris, Ave. ‘Tamaulipas 152-5, 
applications for Membership (67 Indivi- Mexico, D. F, 
dual, 7 Corporation, 5 Junior, 8 Student) 


, ' Alden, George C., 7056 N. Boston, 
received in August. 


Portland, Ore. 


After taking into consideration a few ; 
Alvarado R., Jose M., Manduca a Ferren- 


quin No. 133-—Apto. B, Caracas, 
Venezuela, 8. A. 


losses by death, resignation, and for non- 
payment of dues these new Members 
bring our total as of Sept. 1, 1946 to 2778. 


Aaron, Rollin G., 220 W. Andrews Drive, Ammann, Othmar H., 111—Sth Ave., 
Atlanta, Ga. New York 11, N.Y. 


Aicher, John B., 1 Lehigh Parkway, West, Araque, Pablo Quilez, Avenida Morelos, 


Allentown, Pa. 24 Departamento 6, Mexico, D. F. 
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Ayer, Eugene D., Ready Mixed Concrete 
Co., 1800 E. 46th Ave., Denver 16, Colo. 

Barnes, P. H., Concrete Industries, 
(Australia) Ltd., Box 3388 R. G. P. O., 
Sydney, Australia 

Basalt Rock Company, Inc., 8th & River 
Sts., Napa, Calif. 
(A. G. Streblow) 

Belger, Wm. M., 4229 Lugo Ave., Lyn- 
wood, Calif. 

Bhagat, D. G., Executive Engineer, Public 
Works Dept., Karachi, India 

Bradley, W. A., P. O. Box 2529, Greens- 
boro, N. C. 

Britson, Ralph A., Roland, Iowa 

Bryant, Fred J., Box 474, Fabens, Texas 

Brzozowicz, C. Peter, Canadian Breweries 
Ltd., 16 Gould St., Toronto, Ont., 
Canada 

Buffalo Electro-Chemical Co. Inc., Station 
B, Buffalo 7, N. Y. 
(James F. Whalen Jr.) 

Cain, Gerald I., 912 W. Harvard, Champ- 
aign, Ill. 

Calcano, Gustavo Maggi, Este 4—No. 99, 
Caracas, Venezuela, 8. A. 

Carter, George R., Brookings Bldg., 
Duquoin, Ill. 
Casado, Carlos Fernandez, Ingeniero de 
Caminos, Velazquez 69, Madrid, Spain 
Chun, James H. H., 1127 Banyan St., 
Honolulu, Hawaii 

Cohen, Sidney Phillip, P. O. Box 6749, 
Johannesburg, S. Africa 

Colin, Edward C., 410 E. Chalmers St., 
Champaign, III. 

Colorado State Highway Dept., State 
Capitol Annex, Denver, Colo. 
(James D. Bell) 

Crumrine, Harold E., Branson St., La 
Fontaine, Ind. 

Davila, Rafael, South Dakota State 
College, Brookings, 8. Dakota 

Dickinson Jr., W.]Dewoody, Dickinson & 
White Inc., 115 N. Spring St., Little 
Rock, Ark. 

Eager, William L., 254 New Custom House 
Denver 2, Colo. 
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Fox, Joseph H., 1601 Empire Bldg, 
Birmingham 38, Ala. 

Fucik, Frank M., Charles R. Watts & Co., 
6th & Leary Way N. W., Seattle, Wash. 

Ghose, N. K., P. O. Saidpur, Dt. Rangpur, 
Bengal, India 

Gilbert, Vincent C., 
Belmont, Mass. 


48 Stone Rd.,, 


Gillan, Gerald K., University of Missouri, 
Columbia, Mo. 

Godoy, Silvio Uzcategui, c/o Velutini 
& Bergamin C. A., Sur 4 No. 46, 
Caracas, Venezuela, S. A. 

Goodkind, Morris, New Jersey State 
Highway Dept., State House Annex, 
Trenton, N. J. 

Gorden, Lawrence A., 442314 Wesley Ave., 
Los Angeles 37, Calif. 

Green, Murray, 10334—123rd St., Edmon- 
ton, Alta., Canada 

Hastings, Garland M., 116 Audubon Road, 
Oak Ridge, Tenn. 

Hemb, H. B., 5150 Church St., Skokie, IIL. 

Hiner, C. W., Portland Cement Asso.- 
ciation, 504 S. 18th St., Omaha 2, Nebr. 

Hsi, Ching-yao, 1463 Race St., Denver 6, 
Colo. 

Hsu, H. Y., U. S. Bureau of Reclamation, 
Denver 2, Colo. 

Hubbard, Lewis R., 1105 E. 40th St., 
Cleveland 14, Ohio 

Hudspeth, Harry T., 4 E. 32nd St. 
Baltimore, Md. 

Huie, Samuel L., 8422—108 St., Richmond 
Hill 18, N. Y. 

Iyengar, C. L. N., c/o The Concrete 
Association of India, P. O. Box 138, 
Bombay, India 

Johnson Jr., Orestes B., 5852 S. Michigan 
Ave., Chicago 37, Ill. 

Kerr, A. W., A. W. Kerr & Associates, 
407 8S. Dearborn St., Chicago 5, IIL. 

Knobel, Werner, Avenue Des Alpes 38, 
Lausanne, Switzerland 

Kornacker, Frank J., 38 S. Dearborn St., 
Chicago 3, IIl. 

Labrecque, Andre, Labrecque, LeBlanc & 
Labrecque, 10 Ouest, Rue St-Jacques, 
Montreal, Que., Canada 
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La Grelius, A. W., 
Seattle 3, Wash. 
Landdeck, Norbert E., U. S. Engineer 
Office, 1709 Jackson St., Omaha 2, 

Nebr. 

Lee, Tsin-shen, c/o Librarian, U. 8. 
Bureau of Reclamation, Denver 2, 
Colo. 

Linthicum, H. M., 1882 S. W. 14th Terr., 
Miami 35, Fla. 

Loo, Pai-tsang, 1315 Adams St., Denver 
6, Colo. 

Losinger Inc., Monbijousrrasse 49, Bern, 
Switzerland 
(Werner Knobel) 

Lovering Harry D., Lovering Construc- 
tion Co., 616 Guardian Bldg., St. Paul 
1, Minn. 

Ludington’s Sons Inc., I. M., 720 Lexing- 
ton Ave., P. O. Box 105, Rochester, N.Y. 

Ma, Chun-shou, c/o Librarian, U. S. 
Bureau of Reclamation, Denver 2, 
Colo. 

Mathews, Harvey, 1720 California St., 
Denver 2, Colo. 


523 N. 64th St., 


Moore, Lewis E., 285 Columbus Ave., 
Boston 16, Mass. 

Murtaza, S. G., The Fairfax Hotel, 2100 
Massachusetts Ave., Washington, D. C. 

Nazario, William Mora, 27 Wilson St., 
Ponce, Puerto Rico 

New Zealand Public Works Dept., 
Wellington, New Zealand 
(T. G. Beck) 

Ochse, John N., F. H. McGraw & Co., 
1505 First National Bank Bldg., 
Pittsburgh 22, Pa. 

Ove, Edward N., U. S. Engineer Office, 
1709 Jackson St., Omaha 2, Nebr. 

Padhi, Ananda Chandra, International 
House University of 
Berkeley 4, Calif. 

Payne Jr., Chas. W., The Austin Co., 
16112 Euclid Ave., Cleveland 12, Ohio 
Pehrson, G. A., 1312 Old National Bank 

Bldg., Spokane 8, Wash. 

Post, Raymond G., 713 Reymond Bldg., 

Baton Rouge 6. La. 


California, 


Ready Mixed Concrete (Queensland) Pty. 
Ltd., Box 842-1, G. P. O., Brisbane, 
Australia 
(R. Wilson) 

Reyhner, Theodore O., Box 163 Univer- 
sity Station, Grand Forks, N. D. 

Rivero, Manuel Ray, Lealtad 624, Havana 
Cuba 

Ros, M. R., Schwendenhaustr 9, Zurich, 
Switzerland 

Rylander, P. N., No. 8 Parkway Dr., 
Pelham 65, N. Y. 

Scarborough, R. L., U. 8. Bureau of Re- 
clamation, Friant, Calif. 

Seif, Emanuel, 150 E. 95th St., Brooklyn 
eo He 

Stork, Jiri, c/o Fellowship Section 
UNRRA, Washington 25, D. C. 

Ullman, R. W., 3057 Edgehill Rd., 
Cleveland Hts. 18, Ohio 

Waltz, Wayne W., 711 Sixth St., Brookings 
S. Dakota 

Warner, H. W., Columbus Testing Labo- 
ratory, 755 N. High St., Columbus, Ohio 

Wiastlund, Georg, Royal Technical Uni- 
versity, Stockholm, Sweden 

Werner, Donovan, Skanska Cementak- 
tiebolaget, Malmo, Sweden 

Yang, Fang-yu, c/o Librarian, U. 8S. 
Bureau of Reclamation, Denver 2, Colo. 

Yang, Ter-Kung, c/o Library, U. S. 
Bureau of Reclamation, Denver 2, Colo. 





The Report of ACI Committee 
315, “Proposed Manual of 
Standard Practice for Detailing 
Reinforced Concrete Structures” 
is currently the best seller 
among ACI special publica- 
tions. 
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WHO'S WHO in this JOURNAL 





T. C. Powers and T. L. Brownyard 


are co-authors of ‘Studies of the Physical 
Properties of Hardened Portland Cement 
Paste”, a paper of nine parts to be pub- 
lished in seven installments. The first 
installment appears on p. 101 of this 
JOURNAL. 


Mr. Powers, an ACI member since 1927, 
twice a Wason Research Medalist, is not 
by any means new to ACI Proceedings 
pages. A member of the Portland Cement 
Association research staff since 1930, he 
organized the Division of Basic Research 
in 1940 and was in charge as Assistant to 
the Director of Research until November 
1944 when he made Manager of Basic 
Research, the position he now holds. 


Mr. Brownyard, a native of Michigan, 
attended high school at Cedar Springs, 
Michigan prior to entering Western Mich- 
igan College. After two vears there, he 
taught chemistry at the Fremont, (Mich- 
igan) High School for four years. In the 
fall of 1929 he entered Massachusetts 
Institute of Technology and the following 
spring he was awarded the Francis P. 
Garvan Fellowship at Johns Hopkins Uni- 
versity where he received his PhD degree 
in 1934. After another year at Johns 
Hopkins he spent a year each with the 
Standard Lime and Stone Company, 
Baltimore and the Standard Oil Company 
of Indiana. 


Doctor Brownyard came to the Portland 
Cement Association in July 1937 as re- 
search chemist and remained until January 
1943. The next three years were spent as 
an air navigator in the U.S. Navy. He 
returned to the Portland Cement Asso- 
ciation in December 1945 but in June 1946 
returned to the Navy Department as a 
civilian scientist. 


Dr. Brownyard is a member of the 
American Chemical Society, Sigma Xi, 
Phi Beta Kappa, Phi Lambda Upsilon, 
Kappa Rho Sigma and Gamma Alpha. 


Frank H. Jackson 


a member of the Institute since 1924, 
member of several committees and of the 
Board of Direction, needs no introduction 
to most ACI Journau readers. He igs 
Principal Engineer of Tests for the U. §, 
Public Roads Administration and the 
author of many papers on concrete and 
related subjects. His paper entitled 
“The Durability of Concrete in Service” 
appears on p. 165 of this JourNAL. 


Georg Wastlund and Anders 


Eriksson 


are co-authors of the paper entitled, 
“Wear Resistance Test on Concrete 
Floors and Methods of Dust Prevention’, 
which appears on page 181. 


Professor Wiistlund, a new member of 
the Institute, appears as a Journal author 
for the first time although he has written 
many technical papers which have been 
published in Europe. 


He was graduated as a civil engineer 
from the Royal Technical University, 
Stockholm in 1928 and_ received his 
doctor’s degree in 1934. Following grad- 
uation he was an assistant at the Strue- 
tural Strength Laboratory of the Uni- 
versity from 1929 to 1936. He was chief 
structural engineer at SkAnska Cement- 
gjuteriet, Malmé, Sweden from 1936 to 
1941 when he became professor of Struc- 
tural Engineering and Bridge Building at 
the Royal Technical University. He is 
also a director of the Swedish Cement and 
Concrete Research Institute. 


Professor Wiistlund has visited the 
United States twice recently; once in 
the fall of 1945 to study the design and 
construction of airfield concrete pavements 
and once last summer as a leader of a 
group of 32 civil engineering students 
from the Royal Technical University to 
study civil engineering works in the 
eastern states. 
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Mr. Eriksson graduated as a civil 
engineer from the Royal Technical Uni- 
versity of Stockholm in 1940. Following 
graduation he was associated with the 
Swedish Cement Association in Stockholm 
in research on concrete for defense pur- 
poses with particular studies on the be- 
havior of concrete under dynamic load. 

In 1942 Mr. Eriksson joined the staff 
of the Swedish Cement and Concrete 
Research Institute. He is at present 
working on investigations of new methods 
for measuring the workability of concrete. 





Honor Roll 


February 1 to July 31, 1946 





The Honor Roll for the period February 
1, to August 31, 1946 finds 'T. E. Stanton 
leading with 22 members and J. L. Savage 
a close second with 20. 


T. E. Stanton... 22 
J. L. Savage.... 20 
E. W. Thorson. . 10 
Walter H. Price.. 9 
C. C. Oleson.... 7 
Anton Rydland..... 6! 
Charles E. Wuerpel. 514 
Jacob Fruchtbaum. . 5 
Karl W. Lemcke.. "44 
Martin Kantorer... . 4 
James A. McCarthy.. 4 
Newlin D. Morgan. . 1 
K. E. Whitman... } 
Hernan Gutierrez 316 
E. F. Harder.... 3% 


A. Amirikian.... 
Birger Arneberg. . 
D. R. Cervin..... 
Raymond E. Davis 
Ray C. Giddings. . 
C. A. Hughes.... 
Henry L. Kennedy 
James J. Pollard. . 
F, E. Richart. . 

A. J. Boase.... 

W. A. Carlson. . 
T. F. Collier. ... 
H. M. Hadley... 
Miguel Herrero. . . 


to’ to\ w\ & 


Alberto Dovali Jaime 
F. N. Menefee....... 


E. M. Rawis........ 
H. F. Thomson... 
Stanton Walker.... 
Wm. R. Waugh.... 
Rene L. Bertin... . 
J. ¥. Bartom..... 
Emil W. Colli..... 
Aloysius E. Cooke... 
H. B. Emerson..... 
Issac Hausman... 
Denis O. Hebold.... 
F. R. McMillan..... 


Robert L. Mauchel. . 


Ss ae 
Dean Peabody.... 
Henry Pfisterer..... 
Raymond C, Reese.. 
Re is OROES........ 
Simeon Ross..... 
Moe A. Rubinsky. . 
H. C. Shields...... 
LeRoy A. Staples. . . 
Flory J. Tamanini. . 
Pi a) 
Lewis H. Tuthill.. 
a, ee 
Cc. S. Whitney.... 
B. G. Anderson. . 

R. H. Bogue.... 

R. W. Crum... 

H. J. Gilkey..... 

E. J. Glennan...... 
T. R. S. Kynnersley 
John J. Murray..... 
Y. G. Patel... 

J.C. Pearson... 

R. D. Rader.... 

N. L. Shamroy..... 
Thomas C. Shedd... 
A. 1. Streoma@...... 
John Tucker Jr... 
Paul W. Abeles.. . 
Julius Adler... 
Kasim Atlas. . 

J. F. Barbee. 

Hugh Barnes... 

H. J. Bateman.... 

KF. J. Beardmore... 

R. F. Blanks....... 
Joseph W. Body... 


2% 


2% 


2% 
2M% 


2% 
2% 


=NWNNNNNNNNNN NNN NNN NNN NW 


16 
1% 
114 
1% 
114 
114 
114 
1s 
11s 
11s 
1s 
14 
1h 
1 

1 








10 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


meh Brett. ss cemetst ti: 


Raymond L. Brandes 
J. M. Breen..... 


M. E. Capouch.. . . 
R. W. Carlson. . . 
T. J. Cavanagh.... 


Frank W. Chappell.. . 
Anthony D. Ciresi.... 


AR. Collins. ... 

John Conzelman. . . 
Holly A. Cornell. . . 
W. 8. Cottingham. . 


G. H. C. Crampton... 


Charles A. Daymude 
F. K. Deinboll...... 
C. T. Douglass.... . 
Clifford Dunnells. 

* D. We Faison... . 

H. F. Faulkner..... 
Jess Fellabaum..... 
Alexander Foster... . 


Herman Frauenfelder. 


Meyer Fridstein... . 
J. K. Gannett.... 
D. E. Gondolfi. . . 


E. Gonzales Rubio... .. 


Fred A. Gorham... . 
L. E. Grinter..... 
Ernst Gruenwald. 
Elliott A. Haller. . . 
M. J. Hawkins... 
Elmo Higginson... . 
Frank R. Hinds. . 

G. H. Hodgson... 
W. M. Honour. ; . 

O. W. Irwin........ 
M. E. James...... 
R. O. Jameson. . 
Axel H. Johnson... 
Wm. R. Kahl... 

R. R. Kaufman..... 
Thomas M. Kelly. . 
Edgar R. Kendall. . . 


Baward . Keaiston... 


Orville Kofoid..... 
Guy H. Larson..... 
H. Walter Leavitt. . 
Elbert F. Lewis... 
Bartlett G. Long. . 
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M. J. MeMillan...... 
Edward P. MeMullin. 
F. R. MacLeay...... 
D. G. Marler. ... 
Charles Miller... .. 
Hugh Montgomery... . 
Robert B. B. Moorman 
Rene Pulido y Morales 
Ben Moreell..... 

I. Narrow....... 
Wm. T. Neelands. . 
Paul W. Norton... 
Ben E. Nutter... 
Philip Paolella. 

D. E. Parsons... 

A. F. Penny..... 
Richard L. Pinnell 
Harry W. Piper. 

Og. ee 
Herman G. Protze Jr. 
©. ©: Pugh. ... 

Erik Rettig... . 
George P. Rice... 

E. O. Rosberg... . 
Arthur Ruettgers. . 
John A. Ruhling.... 
3. R. Schneider. . . 
Herman Schorer. 
John C. Seelig. . . 
George G. Smith. . 

J. H. Spilkin..... 

H. D. Sullivan.... 

J. Antonio Thomen. 
Hugh F. Tolley.... 
Bailey Tremper.... 
Harold C. Trester. . 
Oscar J. Vago...... 
Joseph J. Waddell. . 
We WW. WOPSyn..... 
David Watstein.... 
Piers M. Williams. . 
George C. Wilsnack. . . 
Ralph E. Winslow. . 
Douglas Wood.... 


iy A. Young. ...:..id 


The following credits 
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are, in each 


instance, “50-50” with another Member. 


A. Arnstein 

J. B. Baird 

Michel Bakhoum 
Sabahattin Basman 
Paul L. Battey 

FE. Ben-Zvi 

E. O. Bergman 


Hugh Bigler 
Carlos Blaschitz 

G. C. Britton 
Ernest L. Brodbeck 
Fred Burggraf 
Fred Caiola 

Miles N. Clair 
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Chas. A. Clark 
A. B. Cohen 

Sam Comess 

W. A. Coolidge 
R. A. Crysler 
Atahualpa Dominguez 
G. J. Durant 

E. E. Edwards 
A. Cc. Eichenlaub 
Axel Erikeson 
Harry R. Erps 


G. V. Gezelius 
Howard A. Gray 
Per O. Hallstrom 
Hunter Hanly 
Shortridge Hardesty 
H. L. Henson 

A. W. Hicks 

Meyer Hirschthal 
Ralph B. Horner 
Fred Hubbard 
Manuel Castro Huerta 
H. D. Humphries 
W. C. Huntington 
Frank H. Jackson 
V. P. Jensen 

Paul A. Jones 

0. G, Julian 

George L. Kalousek 
W. D. Kimmel 
Lane Knight 

Wm. Lerch 

Raul Lucchetti 

J. A. McCrory 
Douglas McHenry 
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Ian Macallan 

J. B. Macphail 
Sidney M. Major Jr. 
Charles Mannel 
George W. Meyer 
Eugene Mirabelli 

Cc. C. More 

A. B. L. Moser 
Fernando Munilla 

T. D. Mylrea 

D. Lee Narver 

H. T. Nelson 
Syberen Frank Nydam 
Wm. D. Painter 
George P. Palo 

R. 8. Phillips 

David Pirtz 

Robert B. Provine 
Frank A. Randall 

T. E. Shelburne 

C. E. Shevling 
Harold Oliver Sjoberg 
Marvin Spindler 
Charles M. Spofford 
D. J. Steele 

Hale Sutherland 

M. 0. Sylliaasen 
LeRoy A. Thorssen 
Zaldua Uriarte 

Jose Vila 

D. S. Walter 

Ray V. Warren 
J.C. Watt 

Herbert J. Whitten 
Eugene P. H. Willett 
C. T. Wiskocil 
Ernest B. Wood 

R. B. Young 








Roderick B. Young 


The Board of Direction of the Institute 
at a recent meeting adopted the following 
resolution in recognition of the 16 years 
spent by Mr. Young as a member of the 
Board: “to Roderick B. Young, an 
Expression of Appreciation: 

“For sixteen years a member of the 
Board of Direction of the American 
Concrete Institute as Director, Vice 
President, President and Past President. 

“Through your calm deliberations, your 
sound judgment, your quiet initiative, 
your careful planning, your ceaseless 
efforts you have brought a mark of dis- 
tinction to the Board and to the Institute 
as a whole such as has been contributed 
by few men. 

“We, the Members of the Board of 
Direction of the American Concrete In- 
stitute, in meeting assembled in the city 
of Buffalo on this the 21st day of February 
in the year nineteen hundred and forty- 
six, offer this testimonial in recognition of 
your retirement from the Board and in 
appreciation of your brilliant and unselfish 
services throughout the years.” 


Morton O. Withey 


Members of the Institute and friends 
will be glad to learn of the recent ap- 
pointment of Professor Withey as Dean 
of the College of Engineering, University 
of Wisconsin, in June of this year. 


Dean Withey received his B.S. degree 
from Dartmouth College in 1904 and his 
C.E. degree from Thayer School of 
Engineering in 1905. With the exception 
of four months as an apprentice at the 
Illinois Steel Company, he has spent his 
entire professional career at the University 
of Wisconsin, having joined the College 
of Engineering faculty in September 1905 
as an instructor and holding successively 
the positions of assistant professor, asso- 
ciate professor, professor, chairman of the 
Department of Mechanics and now, Dean. 


Aside from his teaching, Dean Withey 
has done research on properties of the 
materials of construction in the fields of 
masonry, concrete and steel. He has 
served as chairman and member of re- 
search committees of the A.S.C.E., 
A.S.T.M. and the Highway Research 
Board. 


A member of the Institute since 1921, 
Dean Withey is the author of several 
papers and reports, a Wason Research 
Medalist, chairman of ACI Committee on 
Post War Planning, member of the 
Advisory Committee, member of the 
Board of Direction since 1937 as Director, 
Vice-President, President and Past-Presi- 
dent. He is also a member of Wisconsin 
Society of Professional Engineers (Past- 
President), A.S.T.M., S.P.E.E. and 
National Society of Professional Engineers. 





The 43rd Annual 
ACI CONVENTION 


Hotel Netherland Plaza 
Cincinnati, Ohio 


February 24 to 26 
1947 
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Admiral Moreell 


Announcement has been made of the 
retirement of Admiral Ben Moreell, Past- 
President of ACI, from active duty in 
the U. S. Navy and of his election as 
president of the Turner Construction Co., 
New York. It seems appropriate at this 
time to publish the following paragraphs 
which appeared recently in Engineering 
News-Record in the section entitled “Our 
Engineer Admirals” over the initials of 
Editor Waldo G. Bowman: 

“When recently the President recom- 
mended and Congress approved the 
pinning of the four stars of a full admiral 
of the United States Navy on the broad 
shoulders of Ben Moreell, they honored 
themselves and the American people as 
well as the recipient. Other individuals 
and organizations in growing numbers 
since even before the war have taken 
satisfaction and pride in bestowing recog- 
nition for attainment on this relatively 
young officer of the Navy’s Civil Engineer 
Corps. This article is no exception. Ben 
Moreell, now Chief of the Material Divi- 
sion in the Office of the Assistant Secretary 
of the Navy, is one of the great men of our 
times, and he got that way by supple- 
menting splendid natural abilities with a 
devotion to duty and a will toward hard 
work that has been plain for all to see. 

“First. staff officer ever to attain four 
star rank in the Navy, and the first full 
admiral since the Annapolis Naval 
Academy was founded not to be gradu- 
ated from that school. Ben Moreell’s 
true stature is measured by activities 
and accomplishments far wider in scope 
than the Navy’s business, great as that 
has become. Before the war his standing 
in the field of reinforced-concrete design 
was such that he could be classed among 
the “long haired” practitioners of the art, 
although in manner and appearance he is 
at the opposite pole from the usual idea 
of deeply scientific men. Since the war 
he has been handed as extra-curricular 
activities two of the toughest jobs that 
have been dumped on the President's 
doorstep—to operate the strike-bound oil 
refineries and pipe-lines, including nego- 
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tiation of a settlement of the controversy, 
and to operate the coal mines that John 
L. Lewis and the owners bequeathed to 
the government. Ben Moreell is the per- 
sonification of the idea held by most 
engineers, except Ben Moreell, that one 
of their training and abilities could run 
most jobs in or out of government better 
than anyone else. 

“To characterize a man such as Admiral 
Moreell is not easy, to put him in some 
generally recognized category impossible, 
Now 54 years old, he is a big strapping 
220 pounder who was a football and track 
star in college. He is tough and he ig 
charming, often both at the same time. 

“Always making the most out of every 
assignment, Admiral Moreell spent the 
year from June, 1932, to June 1933, at 
the Ecole Nationale des Ponts et Chau- 
sees, in Paris and returned to introduce 
this country to the advantages of Freys- 
sinet’s high-strength prestressed concrete, 
his jacking method of decentering con- 
crete arches and of Mesnager’s use of 
hinges in reinforced-concrete structures, 
Assigned, on his return, as assistant design 
manager of the bureau with personal 
supervision for a new ship model testing 
basin at Carderock, Md., Admira! Moreell 
applied this recently accumulated knowl- 
edge to the design of the first articulated 
concrete structure in this country. 

“Foresight and drive also produced the 
Seabees, that force of construction men 
inaugurated, built up and commanded by 
Admiral Moreell, which covered itself 
with glory in building bases, manning 
floating drydocks, stevedoring ships and 
fighting when need be from Normandy to 
Tokyo. At the end of the war there were 
240,000 men and 10,000 officers in the 
Seabees, and 85 percent of them were 
overseas. And speaking in statistics, the 
five-year war construction program di- 
rected by Admiral Moreell as Chief of the 
Bureau of Yards and Docks, involved a 
construction investment in 900 Naval 
bases, including 300 advance bases, of 
over 10 billion dollars. In comparison, 
during the 21 previous years, including 
World War I, Yards and Docks construc- 
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tion totaled only one-third of a billion 
dollars. 

“Now that he wears four of those stars 
he might be considered to have reached 
the top. But Ben Moreell, member of 
Sigma Xi, honorary scientific fraternity 
Tau Beta Pi, honorary engineering fra- 
ternity, holder of all top medals of the 
American Concrete Institute, honorary 
member of the American Society of Civil 
Engineers, revered by construction men 
as one of them, looked upon by labor as a 
welcome adviser and honest critic, has 
grown with every job, and his friends say 
he will continue to grow.” 


John J. Earley 


In appreciation of Mr. Earley’s long and 
active participation in Institute affairs 
the Board of Direction recently passed the 
following resolution which has been sent 
to Mrs. Earley and which has been made 
a part of the minutes of the Board meeting: 


“Tt is with deep regret that the American 
Concrete Institute notes the passing of 
John J. Earley, Member of the Institute 
for 28 years, and of this Board for three 
periods, 1924-26 as Director 4th District 
and Vice-President, 1932-34 as Director 
4th District; 1936 to 1943 as Vice-Presi- 
dent and Past-President—12 years of 
Board service in which his contributions 
to the development of concrete and of its 
literature were unique, bringing to the 
Institute the viewpoint and the experience 
of an artist and craftsman, His achieve- 
ments won him the Wason Medal for the 
“Most Meritorious Paper” of 1923; The 
Turner Award in 1934 for “Outstanding 
Achievement in Developing Concrete as 
an Architectural Medium’’, and election 
to Honorary Membership in 1943. He 
will be remembered not only for his 
studious art and exacting craftmanship as 
shown in Chicago’s “Fountain of Time’. 
Wilmette’s Baha’i Temple and many 
churches and other structures enriched by 
his plastic mosaic, in which concrete is 
dominated by a wide range of color, but 
also, by those who know him best, as a 
conversationalist whose well-informed talk 


was similarly enriched by his rare sense of 
life, drama and color.” 


SERIO i FESS SBE EMO NGA 
James A. Halkins 


Word has recently been received of the 
death on June 12, 1946, of Mr. Halkins, 
vice president of the Waylite Company 
and a member of the Institute since 1940. 

Mr. Halkins received his Civil Engineer 
Degree from the University of Penn- 
sylvania with the class of 1922. Follow- 
ing his graduation, he served in an en- 
gineering capacity for the Illinois Glass 
Company. For the past ten years he has 
been employed by the Waylite Company, 
a Corporation manufacturing lightweight 
aggregate, and only recently was signed 
as Vice-President of the concern. During 
the last seven years Mr. Halkins became 
well known in engineering circles in the 
East in his capacity as manager of the 
concern’s eastern plants. He is well re- 
membered in the Middle West for his 
engineering work in the Chicago area. 


Henry Dievendorf Dewell 

member of the American Concrete Insti- 
tute since 1928, died at his home in 
Berkeley, California, March 20, 1946. 
He was born in Springfield, Ohio on 
October 24, 1881. 

Mr. Dewell received his engineering 
education at the University of California, 
graduating with a degree of Bachelor of 
Science in 1906. Following his graduation 
he became member of the staff of Howard 
and Galloway, Architects and Engineers, 
at a time when this firm was very active 
in the reconstruction of San Francisco 
after the earthquake of April 18, 1906. In 
1912 he became chief structural engineer 
for the International 
Exposition and later became assistant 
superintendent of building construction 


Panama-Pacific 


and engineer for domestic water supply 
for the Exposition. 

From 1915 until his death Mr. Dewell 
was engaged in private practice in San 
Francisco. He specialized in structural 
work and in particular was an authority 
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on earthquake-resistant construction. In 
addition to his practice, from 1918 to 
1920, he lectured at the University of 
California and from 1931 to 1945 he was 
a member of and for many years President, 
of the California State Board of Registra- 
tion for Civil Engineers. 

Mr. Dewell served as a Director of the 
American Society of Civil Engineers from 
1925 to 1927 and as Vice President in 
1934 and 1035, 
of the San Francisco Section of the Society 
in 1930. 


In addition to his membership in the 
American Concrete Institute Mr. Dewell 
was a member of the American Society 


He was also President 


of Civil Engineers; the Seismological 
Society of America; the Advisory Com- 
mittee on Vibration Research at Stanford 
University; the Structural ngineers 
Association of Northern California; the 
American Society for Testing Materials; 
and the National Committee on Wood 
Utilization. He was elected to Sigma 
XI, Tau Beta Pi and Chi Epsilon honorary 
scholarship societies and held membership 
in the Engineers Club of San Francisco 
and the Commonwealth Club of California, 


Supervisor of concrete research, 
Australia 

The Australian Council for Scientific 
and Industrial Research is interested in 
securing the services of an officer qualified 
to - supervise 
Melbourne, 


research = in 
Australia, A Building 


concrete 
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Materials Research Section has recently 
been established, and the Officer-in-Charge 
of the Concrete Section would be required 
to set up projects of a fundamental nature 
on the properties of concrete and cement 
products. 

The position would be classified ag 
Principal Research Officer, and the salary 
would be approximately 900 pounds per 
annum for a permanent appointment. The 
fares of the appointee and his family 
would be paid to Australia, and a small 
additional amount would be made avail- 
able to assist in the transportation of 
household effects, 

Interested persons may obtain further 
details by writing Mr. N. A. Whiffen, 
Officer-in-Charge, Scientific Research Li- 
aison Office, Room 523, 1785 Massachusetts 
Ave., N.W., Washington 6, D.C. 


Inland licenses Carnegie-Illinois and 
other subs of U. S. Steel to manu- 
facture Hi-bond reinforcing bar 
Negotiations by Carnegie-Illinois and 
other subsidiaries of the U, 8. Steel Cor- 
poration for a license to manufacture and 
sell the Inland Hi-bond reinforcing bar 
for conerete construction have been com- 
pleted, according to H. H. Straus, vice- 
president of the Inland Steel Company, 
which was responsible for the development 
of the bar. 
agreement, he said, the reinforcing bar 


As a result of the licensing 


will soon be available in greater quantities 
throughout the United States 
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ACI publications in large current demand 


Proposed Manual of Standard Practice for Detailing Reinforced 
Concrete Structures (1946) 


Reported by ACI Committee 315, Detailing Reinforced Concrete Structures, Arthur J. Boase, 
Chairman, this book reached the top of the ACI “‘best seller’ list within one month of its distri- 
bution to all ACI members in good standing in July 1946. It is a large format, bound to lie flat 
and presents typical engineering and placing drawings with discussion calling attention to 
important considerations in designing practice. It was prepared to simplify, speed, and effect 
standardization in detailing. It is believed to be the only publication of its kind in English. It 
ismeeting wide acclaim among designers, draftsmen and in engineering schools. Price-—$2.50; 


to ACI Members—$1.50. 


ACI Standards—1945 


148 pages, 6x9 reprinting ACI current standards: Building Regulations for Reintorced Con- 
crete ACI 318-41), three recommended practices: Use of Metal Supports for Reinforcement 
ACI-319-42),; Measuring, Mixing and Placing Concrete (ACI 614-42), Design of Concrete 

ixes (ACI 613-44), and two specifications: Concrete Pavements and Bases (ACI 617-44) and 
Cast Stone (ACI 704-44)—all between two covers, $1.50 per copy—to ACI Members, $1.00. 


Air Entrainment in Concrete (1944) 


92 pages of reports of laboratory data and field experience including a 31-page paper by 
H, F. Gonnerman, “Tests of Concretes Containing Air-entraining Portland Cements or Aijr- 
entraining Materials Added to Batch at Mixer,” and 61 pages of the contributions of 15 parti- 
dpants in a 1944 ACI Convention Symposium, ‘“Concretes Containing Air-entraining Agents,” 
reprinted (in special covers) from the ACI JOURNAL for June, 1944. $1.25 per copy, 75 
cents to Members. 


ACI Manual of Concrete Inspection (July 1941) 


This 140-page book (pocket size) is the work of ACI Committee 611, Inspection of Con- 
crete, It sets up what good practice requires of concrete inspectors and a background of 
Information on the ‘why’ of such good practice. Price $1.00—to ACI members 75 cents. 


"The Joint Committee Report” (June 1940) 


The Report of the Joint Committee on Standard Specifications for Concrete and Reinforced 
Concrete submitting “Recommended Practice and Standard Specifications for Concrete and 
Reinforced Concrete,” represents the ten-year work of the third Joint Committee, consisting 
of affliated committees of the American Concrete Institute, American Institute of Architects, 
American Railway Engineering Association, American Society of Civil Engineers, American 
Society for Testing Materials, Portland Cement Association. Published June 15, 1940, 140 
pages, Price $1.50—to ACI members $1.00. 


Reinforced Concrete Design Handbook (Dec. 1939) 


This report of ACI Committee 317 is in increasing demand, From the Committee's Fore- 
word: “One of the important objectives of the committee has been to prepare tables covering 
& large a range of unit stresses as may be met in general practice. A second and equally 
Inportant aim has been to reduce the design of members under combined bending and axial 


to the same simple form as is used in the solution of common flexural problems.”—1392 
pages, price $2.00-—$1.00 to ACI members. 


For further information about ACI Membership and Publications (including pamphlets 
presenting Synopsis of recent ACI papers and reports) address: 


AMERICAN CONCRETE INSTITUTE New Center Building Detroit 2, Michigan 
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Sources of Equipment, Materials, and Services 


A reference list of advertisers who participated in the Fifth 
Annual Technical Progress Issue of the AC] JOURNAL— 
the pages indicated will be found in the February 1946 issue 
and (when it is completed) in V. 42, ACI Proceedings. Watch 
for the 6th Annual Technical Progress Section in the February 


1947 JOURNAL. 
Concrete Products Plant Equipment page 
Besser Manufacturing Co., 902 46th St., Alpena, Mich.............0 000 0ceeeuee 436 
—Concrete products plant equipment, production 
Stearns Manufacturing Co., Inc., Adrian, Mich...........6000. cece ee cee ecuues 409 


—Vibration and tamp type block machines, mixers and skip loaders 


Construction Equipment and Accessories 


Atlas Steel Construction Co., 83 James St., Irvington, N. Y...... 00.00 ce cee eens 495 
- — Forms for concrete 


Blaw-Knox Division of Blaw-Knox Co., Farmers Bank Bidg., Pittsburgh, Pa. .....410-11 
—Truck mixer loading and bulk cement plants, road building equipment, buckets, 
batching plants, steel forms 


a ee 459 

—Central mix, ready-mix, bulk cement and batching plants, cement handling 
equipment ° 

Chain Belt Co. of Milwaukee, Milwaukee, Wis.......... 666 cee 430-1 
—Mixers, pavers, pumps 

Electric Tamper & Equipment Co., Ludington, Mich................. ones eh IG 
—Concrete vibrators 

Flexible Road Joint Machine Co., Warren, Ohio......... , . 432 
—Pavement joint and joint installers 

Pee Sig CR DW), .calii iis taneivcccccdosevrccoss ae , .. 434 
—Unloading and conveying pulverized materials 

Heltzel Steel Form & Iron Co., Warren, Ohio............ Bs - 454-5 
—Pavement expansion joint beams 

Jaeger Machine Co., The, Columbus, Ohio................. nieaors . 418-19 
—Concrete paving equipment 

C. S. Johnson Co., The, Champaign, Illl..............6 000 eens sa andi sta ... 448 
—Mixing plant equipment 

Koehring Co., Milwaukee, Wis... ...... 060 ccc cece eee eens By a 
—Tilting and non-tilting construction mixers 

Mall Tool Co., 7703 So. Chicago Ave., Chicago 19, Ill. ies — 
—Concrete vibrators 

Master Vibrator Co., Dayton 1, Ohio..........66 6 6c e eee. a ete te ecena 


—Concrete vibrators 
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ee ce. CO Te L, cen a pate nie sae bakaeepesese aces sed 435 
Paving Mixers ; 

Richmond Screw Anchor Co., Inc., 816 Liberty Ave., Brooklyn 8, N. Y............ 456 
—Planned form work 

ee Ge, 796 So. Flower St., Burbank, Call, .o..oivce vccccicied cies succes cleles 499-3 


—Concrete vibrators 


Whiteman Manufacturing Company, 3249 Casitas Ave., Los Angeles Calif... .. 444-5 
—Vibrating and finishing equipment 


Contractors, Engineers and Special Services 
American Concrete Institute, New Center Bldg., Detroit 2, Mich. ............... 465 
—Publications about concrete 


Kalman Floor Co., Inc., 110 E. 42nd St., New York 17, N. Y.........00--008: 420-921 
—Floor finishing methods 


Prepakt Concrete Co., The, and Intrusion-Prepakt, Inc., Union Commerce Bldg., 
NE Sr CONG, Fas GEE a Rese caaebde cs KUCdacibitetenectan on 437-440 
—Pressure filled concrete 


Raymond Concrete Pile Co., 140 Cedar St., New York 6, N. Y............20005. 414 
—Pile foundations 

Roberts and Schaefer Co., 307 No. Michigan Ave., Chicago 1, Ill............... 427 
—Thin shell concrete roofs 

Scientific Concrete Service Corp., McLachlen Bldg., Washington, D. C............. 496 
—Mix controls and records 

Vacuum Concrete, Inc., 4210 Sansom St., Philadelphia 4, Pa...............445. 449-3 
—Forms and lifters with suction controlled concrete 

Materials 

Anti-Hydro Waterproofing Company, 265 Badger Ave., Newark N. J.........468-9 
—Waterproofing 

Calcium Chloride Assn., The, 4145 Penobscot Bldg., Detroit 26, Mich............ 420 
—Calcium chloride 

Concrete Masonry Products Co., 140 W. 65th St., Chicago, Ill.....5........0.06, 415 
—Non-shrink metallic aggregate 

Dewey and Almy Chemical Co., Cambridge 40, Mass.............60.000e eens 450-1 
—A\jir-entraining and plasticising agents 

ge” See nee mr 419 
—Waterproofing 

Hunt Process Co., 7012 Stanford Ave., Los Angeles 1, Calif................055. 449 
—Curing compound 

Inland Steel Co., The, 38 So. Dearborn St., Chicago 3, Ill. ..... 6. cece cece eee ee 446-7 
—Reinforcing bars 

Lone Star Cement Corp., 342 Madison Ave., N. Y..........06 0c cece eee ees 428-9 
—Cement performance data 

Master Builders Co., The, Cleveland, Ohio, Toronto, Ont...............006. 457-464 
—Cement dispersing and air-entraining agents 

Sika Chemical Corp., 37 Gregory Ave., Passaic, N. J... 6... cee cee eee eee eee 470-1 
—Waterproofings, plasticizer, and densifier 

United States Rubber Co., Rockefeller Center, New York 20, N. Y..........0405. 433 

Form lining 
Testing Equipment 
Baldwin Locomotive Works, Philadelphia 42, Pa... 0... ccc cc eee cee eens 413 


—Testing equipment 
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order by title and title number. edi 


REINFORCED CONCRETE COLUMNS 
UNDER COMBINED COMPRESSION 
AND BENDING............--+500++ 43-1 
HAROLD E. WESSMAN—Sept. 1946, pp. 1-8 (V. 43) 


Algebraic methods available heretofore for the analysis 
of the reinforced concrete column subject to combined 
compression and bending have usually involved the solu 
tion of a complex cubic equation and have taken con 
siderable time when applied to particular problems. A 
new meth of successive approximations converging 
rapidly to an exact answer and avoiding the use of the 
cubic equation is presented in this paper. The key to the 
method is the reciprocal relationship existing between 
the load axis and the neutral axis of the transformed sec- 
tion. The method may be applied to any shape of cross 
section and any arrangement of reinforcing sieel, provid 
ing there is one axis of symmetry and the plane of bending 
coincides with this axis. The theory behind the method is 
presented and illustrated with three typical problems. 


EFFECT OF MOISTURE ON THERMAL 
CONDUCTIVITY OF LIMEROCK 

CONCRETE............- 
MACK TYNER—Sept. 1946, pp. 9-20 CV. 43) 


The coefficient of thermal conductivity, k, of limerock con 
crete is a function of temperature, composition and density 
or moisture content. No attempt has been made to 
measure the effect of temperature on k. Holding the 
temperature reasonably constant, the effect of composi 
tion on k has been measured for two limerock concrete 
mixes (1:5 and 1:7 by volume). The 1:5 mix has a k that 
is 10 per cent larger than the k for the 1:7 mix. 

With the temperature and composition held constant, 
the effect of moisture on k for the 1:5 and 1:7 mixes has 
been measured. The moisture content has a very profound 
effect on k, @.Qg. increases of moisture from zero to 5 per 
cent increases the k of 1:5 mix by 23 per cent and from 
zero to 10 per cent increases the k by 46 per cent. Con 
cretes should be kept dry if their maximum heat insulation 
effect is desired. 


CEMENT INVESTIGATIONS FOR 
OULDER DAM—RESULTS OF 
TESTS ON MORTARS UP TO AGE 
OF 10 YEARS.......eeeeeeeeeeeees 43-3 


RAYMOND E. DAVIS, WILSON C. HANNA and 
ELWOOD H. BROWN-—Sept. 1946, pp. 21-48 (V. 43) 


The effects of composition and fineness of the laboratory 
coments employ in cement investigations for Boulder 
Dam upon strength, volume changes, and sullate resistance 
of mortars, are reported for ages up to 10 years. For both 
wet and dry storage conditions, factors for each of sev 
eral ages are given which indicate the contribution of 
each of the four major compounds present in portland 
cement to tensile and compressive strengths and volume 
changes. 


* ANALYSIS AND DESIGN OF ELE- 
MENTARY PRESTRESSED CONCRETE 
MEMBERS..........6000eeeeeeeeeees 43-4 
HERMAN SCHORER—Sept. 1946, pp. 49-88 (Vol. 43) 


The purpose of this paper is to outline the analysis and 
design of elementary prestressed concrete members, such 


teristics and the thermodynamics 





as beams, columns, ties, etc., subjected to internal and 
external axial forces and bending moments. The internal 
stresses, caused by the action of the prestress forces are 
combined with the stresses due to external loads in three 
typical loading stages. The first stage considers the Stress 
condition resulting trom the simultaneous application of all 
sustained loads. The second stage determines the stress 
changes due to normal live loads, based on a trul mono- 
lithic participation of the entire concrete area. T @ third 
stage assumes a cracked tension zone, which condition 
introduces the derivation of ultimate stresses and clarifies 
the influence of the prestress action on the type of failure 
The analytical expressions are simplified by means ol 
convenient ratios, which essentially define the sectional 
shape, the effective steel prestress, and the concrete fiber 
stresses. Numerical examples serve to illustrate the various 
steps. 


*#STUDIES OF THE PHYSICAL 
PROPERTIES OF HARDENED PORT. 
LAND CEMENT PASTE (Part |) ..... 43-50 
T. C. POWERS and T. L. BROWNYARD—Oct, 1946, pp 
101-132 (V, 43) 

IN NINE PARTS 


Part 1. A Review of Methods That Have Been Used for 
Studying the Physical Properties of Hardened 
Portland Cement Paste 


Part 2. Studies of Water Fixation 
Appendix to Part 2 


Part 3. Theoretical Interpretation of Adsorption Data 


Part 4, The Thermodynamics of Adsorption 
Appendix to Parts 3 and 4 


Part 5. Studies of the Hardened Paste by Means of 
Specific-Volume Measurements 


Part 6. Relation of Physical Characteristics of the Paste 
to Compressive Strengt 


Part 7. Permeability and Absorptivity 


Part 8. The Freezing of Water in Hardened Portland 
Cement Paste 


Part 9. General Summary of Findings on the Properties of 
Hardened Portland Cement Paste 


This paper deals mainly with data on water fixation in 
hardened portland cement paste, the properties of evapor 
able water, the density of the solid substance, and the 
porosity of the paste as a whole. The studies of the 
evaporable water include water-vapor-adsorption charac 
of adsorption. The dis. 
cussions include the following topics 


1. Theoretical interpretation of adsorption data 


2. The specific surface of hardened portland cement 
paste 


3. Minimum porosity of hardened paste 

4. Relative amounts of gel-water and capillary water 

), The thermodynamics of adsorption 

6 The energy of binding of water in hardened paste 

7. Swelling pressure 

8. Mechanism of shrinking and swelling 

9. Capillary-flow and moisture diffusion 

10, Estimation of absolute volume of solid phase in 
hardened paste 

11, Specific volumes of evaporable and non evaporable 
water 

12. Computation of volume of solid phase in hardened 
paste 

13. Limit of hydration of portland cement 

14, Relation of physical characteristics of paste 10 
compressive strength 

15. Permeability and absorptivity 

16. Freezing of water in hardened portland cement 
paste 
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ACI NEWS LETTER 19 


MINIMUM STANDARD REQUIRE- 
MENTS FOR PRECAST CONCRETE 
PEE scctecccecccesocece 


TED BY ACI COMMITTEE 711-—-Oct 
133-148 (V. 43) 


Supersedes 40-17, 42-11. 

These minimum standard requirements are to be used as 
wpplements to the ACI “Building Regulations for Rein 
forced Concrete” (ACI 318-41). With respect to design 
for sirength, i. @., for bending moment, bond and shear 
siresses, all types shall be designed in accord with standard 
yintorced design theory and ACI 318-41. With respect 
to cover, there is in some cases departure therefrom 
iustihed by the greater refinement in the finished product 
when made by factory method! with factory control. Pre 
cast floor systems with | beam type and hollow core type 
joists ore covered. Appendix contains applicable se 

tions of the AC! code (ACI 318-41). This report, origi 

pally published in Feb. 1944 Journal, has been revised by 
the committee and adopted by the Institute as an AC! 
Siondard, Aug. 1946. The committee consists of F. N 

Menefee, Chairman, Warren A. Coolidge, R. £. Copeland 
Cliford G. Dunnells, H. B. Hemb, Harve Kilmer, Glenn 
Murphy, Gayle B. Price, John Strandberg, J. W. Warren 

Roy R. Zipprodt 


43-6 


1946, pr 


RECOMMENDED PRACTICE FOR 
THE CONSTRUCTION OF CONCRETE 
MED scdoveecsccpescccoscs 


REPORTED BY ACI COMMITTEE 714—Oct 
149-164 (V. 43) 


Supenedes 40-10, 42-12. 


These recommendations describe practice for use in the 
design and construction of concrete silos-—stave, block 
and monolithic, for the storage of grass or corn silage 
the report is the work of the committee consisting of 
Wiliam W. Gurney, Chairman, J. W. Bartlett, Walter 
Brassert, Claude Douthett, Harry B. Emerson, William G, 
Kaiser, R, A. Lawrence, G. | indsay, J. W. McCalmont 
Dalion G. Miller, ©. C. Mitchell, K. W. Paxton, B. M 
Redcliffe, Charles F. Rogers, Stanley Witzel. lt was 
adopted by the Institute as an ACI Standard Aug. 1946 


43-7 


1946, pp 


THE DURABILITY OF CONCRETE IN 
SERVICE 


FL 


This paper discusses the 


43-8 


JACK IN Oct. 1946, pp. 165-180 (V, 43) 


problem of concrete durability 
primarily to highway bridge structures 
located in regions subject to severe frost action. Four 
major types of deterioration are defined and illustrated 
and several specific matters which have bearing on the 
problem, including the effect of construction variables 
modern vs. old fashioned cements, air entrainment and 
the so-called “‘cement-alkali"’ aggregate reaction, are 
discussed, The report concludes with a series of 
recommendations indicating certain corrective measures 
which should be taken 


with reference 


WEAR RESISTANCE TESTS ON CON- 
CRETE FLOORS AND METHODS 
OF DUST PREVENTION ........... 43-9 


GEORG WASTLUND and ANDERS ERIKSSON—Oct 
1946, pp. 181-200 CV, 43) 


This paper presents a description of tests made on con 
crete floor specimens of various types in order to determine 
their resistance to wear and to investigate the character 
of deterioration of concrete floor surfaces due to traffic 
The results of these tests show that concrete floors pro 
vided with finish courses containing coarse aggregate up 
to about /4 inch in size and an excess of pea gravel are 
definitely superior to concrete floors with @ finish course 
containing fine sand only which are common in Sweden 
at the present time. Moreover, this investigation has 
helped to elucidate the causes of the often very severe 
and detrimental dusting of concrete floors. The surface 
skin of concrete floors is of poor quality and is easily 
abraded. Dusting can be considerably reduced if the 
poor surface skin is removed by machine grinding provided 
that the concrete below the surface skin is of first-rate 
quality. The paper concludes by proposing a detailed 
tentative specification for concrete floor finish which 
differs in essentials from current Swedish practice 








Mark your Calendar—ACl’s 43rd 


Annual Convention, at Cincinnati, 


February 24-26, 1947 
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The AMERICAN CONCRETE INSTITUTE 


is a non-profit, non-partisan organization of engineers, scientists 
builders, manufacturers and representatives of industries associated 
in their technical interest with the field of concrete. The Institute 
Is dedicated to the public service. Its primary objective is to assist 
its members and the engineering profession generally, by gathering 
and disseminating information about the properties and applications 
of concrete and reinforced concrete and their constituent materials. 


For four decades that primary objective has been achieved by 
the combined membership effort. Individually and through com- 
mittees, and with the cooperation of many public and private 
agencies, members have correlated the results of research, from both 
field and laboratory, and of practices in design, construction and 
manufacture. 


The work of the Institute has become available to the engineering 
profession in annual volumes of ACI Proceedings since 1905. Be- 

inning 1929 the Proceedings have first appeared periodically in 
the ournal of the American Concrete Institute and in many separate 
publications. 


Pamphlets presenting brief synopses of Journal papers and 
reports of recent years, most of them available at nominal prices in 
separate prints, and information about ACI membership and special 
publications in considerable demand are available for the asking. 


New Center Building, Detroit 2, Michigan 
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Lining of the Alva B. Adams Tunnel* 
By RICHARD J. WILLSONT 


Member American Concrete Institute 


SYNOPSIS 


The 13.03 mile Alva B. Adams Tunnel, excavated under the Conti- 
nental Divide, as a part of the transmountain water diversion plan of 
the Colorado-Big Thompson Project, United States Department of the 
Interior, Bureau of Reclamation, has now been lined with concrete 


Lin- 
ing equipment and methods are described, 


INTRODUCTION 


The Alva B. Adams Tunnel, excavated under the Continental Divide 
of the Rocky Mountains in Northern Colorado, now lined with concrete, 
is capable of diverting 550 sec. ft. of water from the watershed of the 
Colorado River, west of the Continental Divide, to the eastern slope of 
the Divide. The tunnel, which was previously known as the ‘Conti- 
nental Divide Tunnel,” is one of the principal features of the Colorado- 
Big Thompson Project designed by, and constructed under the super- 
vision of, the United States Bureau of Reclamation. The transmountain 
diversion of water for irrigation of northeastern Colorado prairie lands, 
is the prime objective of the project and the diverted water will provide 
$20,000 acre-feet of supplemental water annually for irrigation of 615,000 
acres Of land. Power structures will make use of the natural fall of the 
diverted water for generation of 900,000,000 kwh. of electrical energy 
annually for project operation and general consumption. 

When completed the project will include, in addition to the trans- 
mountain tunnel, several major structures on the eastern and western 
slopes of the Continental Divide. 

Green Mountain Dam, an earth fill structure on the western slope, 
is now completed and in operation. It is located on the Blue River, a 


*Received by the Inatitute Oet, 12, 1045 
tArea Field Engineer, U. 8. Bureau of Reclamation, Grand Lake, Colo 
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tributary of the Colorado River. This dam was constructed for the 
purpose of impounding water on the western slope to replace that diverted 
to the eastern slope by the Colorado-Big Thompson diversion project, 
Two 12,000 kva. generators installed in an adjoining powerhouse have a 
capacity of 15,000,000 kwh. of electrical energy monthly. 

Shadow Mountain Dam is another earth fill structure on the western 
slope. It’s reservoir will be connected by channel with Grand Lake, 
the headwater of the Colorado River, and together they will serve as a 
regulating reservoir for water to be diverted through the tunnel. 

Granby Dam, located some 8 miles downstream from Shadow Moun- 
tain Dam, is the third major structure on the western slope, and has not 
yet been completed. It also will be an earth fill structure and will fune- 
tion as the storage reservoir for water to be diverted to the eastern slope. 
Being 85 feet lower than the Shadow Mountain-Grand Lake diversion 
reservoir, water will have to be pumped from the storage reservoir to the 
diversion reservoir. 

Water, after passing through the Alva B. Adams Tunnel to the eastern 
slope of the Divide, will be handled in closed conduit, siphons, open 
canals, and other tunnels on its way to the foothill reservoirs. ‘The fall 
will be utilized in the generation of power. 


THE TUNNEL 


Mxcavation of the perfectly straight 13.03 mile Alva B. Adams ‘Tunnel 
was begun in June 1940 and completed in June 1944, after nine months 
delay due to lack of materials as a result of the war. The tunnel as 
drilled, has a min. dia. of 11.75 ft. in unsupported ground and 12.75 ft. 
in supported ground. It slopes from west to east 0.155 ft. per hundred 
ft., making the east portal 107 ft. lower than the west portal. The 
tunnel was excavated from the two portals, without intermediate shafts 
or adits; the longest tunnel in the United States to be excavated in this 
manner. Upon being “holed through” it was found that the tunnel 
grade and line were off only *4-in, and 7/16-in. respectively, after having 
been extended five miles from the west portal and eight miles from the 
east portal. 

The tunnel was lined with concrete to a finished circular section 


having an internal diameter of 9.75 ft. Lining was started November 


16, 1944, discontinued for 3 months in 1945 due to manpower shortages, 
and completed February 28, 1946, 


LINING OPERATION 


Conerete lining of the tunnel was done by contract under the super 
vision of the Bureau of Reclamation. The western half of the work was 
done by the Stiers Bros. Construction Co, of St. Louis, Mo.; the eastern 
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half by the 8S. 8. Magoffin Company of Englewood, Colo. These con- 
tractors had previously completed the excavation of the tunnel. 

The major portion of the equipment employed by the two contractors 
in the lining work was identical and lining procedures were correspond- 
ingly similar, Cement and aggregates were delivered to batching plants 
at the tunnel portals where they were proportioned in one-cubic yard 
dry batches. The batches were placed in 24-in. gage specially con- 
structed cars and transported to handling and mixing equipment in the 
tunnel. Water was added at the mixer and concrete pumped into forms 
by Rex pumpcrete equipment. 

The batch cars and the handling, mixing and placing equipment were 
specially designed for the work, clearance inside the tunnel being the 
controlling feature of the design. The equipment, or so-called “string,” 
was interconnected and movable as a unit on the 24-in. gage tunnel track. 
In Fig. 1, there can be seen, from left to right; a batch car; the transfer 
conveyor and transfer hopper; the mixer conveyor and mixer; the pump- 
crete conveyor and pumperete machine, with 2-cubic yard horizontal 
remixing drum; and an air winch mounted on trucks ahead of and 
attached to the front of the pumperete machine carriage. 

On the east end of the work, batch cars were pushed to the foot of the 
incline track leading to the receiving hopper. From this point they were 
pulled up the incline and spotted over the receiving hopper by cable 
and electric hoist. On the west end of the work, batch cars were pushed 
up the incline and spotted over the batch receiving hopper by electric 
locomotive. ‘The bateh, on being dumped from the batch car into the 
receiving hopper, fell onto the transfer conveyor and was elevated 
to the transfer hopper. From the transfer hopper it fell onto the mixer 
conveyor and was elevated to the mixer. The mixed concrete was 
discharged from the mixer onto the pumperete conveyor and elevated 
to the remixing drum of the pumpcrete machine. The action of the re- 





Fig. 1—The “‘string."’ Handling, mixing, and placing equipment was inter- 
connected and traveled as a unit on the 24-in. gage tunnel track. 
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mixing drum forced concrete into the pump, which in turn forced it 
through 7-in.pipe to the forms. 

The lining was placed in two operations: first the lower 66 degrees of the 
circular section, comprising the invert (Fig. 2) and second, the lining of 
the arch and sidewalls. Concreting on the east end of the tunnel began 
November 16, 1944 and was completed February 15, 1946. Placement 
of concrete on the west end of the tunnel began April 1, 1945 and was 
completed February 28, 1946. Some 130,000 cu. yd. of concrete were 
required for the entire lining. 


SCHEDULE OF OPERATIONS 


: 

Coiifined working space in the tunnel controlled, to a large degree, 
the pogress of the lining work. The setting of forms, transportation of 
concrete materials to the mixing equipment, and rate at which concrete 
could be placed, were also controlling factors. 

Both contractors worked on a three-shift per day, six-day per week 
basis. Invert concrete placement, however, was actually accomplished 
on a one-shift basis; the other two shifts being utilized for form work, 
cleanup; movement of equipment, ete. Arch and sidewall lining was 
handled on a similar schedule at first because of a manpower shortage. 
However, concrete placement was later accomplished on two shifts and 
a three-shift basis appeared possible had manpower been available. 


¥ 


AGGREGATES 


Aggregate for the west end of the tunnel was obtained from a river 
deposit some two miles downstream from Grand Lake. ‘The material 
consisted of durable semi-angular sand and well rounded gravel. Over- 
burden was not excessive and was removed from the deposit by stripping. 
The aggregates were washed and separated by screening into three sizes: 
sand, No. 4- to %-in. gravel, and 34- to 1%-in. gravel, all of which were 
very satisfactory. The average fineness modulus of the sand was 2.90, 
Rock larger than 1%-in. was present only in small quantities and was 
wasted. Aggregates were stockpiled near the tunnel portal. 

For the east portion of the tunnel lining, and other project features 
in the vicinity, a deposit of material on the Big Thompson River, three- 
quarters of a mile east of Estes Park, was utilized. Procurement of 
aggregate for project features on the east side of the Continental Divide 
was something of a problem. Suitable deposits near the sites of the work, 
were few, and the deposit east of Mstes Park was far from ideal. It was 
spotty in character and contained clay strata, generally coarse sand, and 
large cobbles and boulders. Sand of satisfactory fineness and grading 
could only be produced by utilization of a part of the overburden of fine 
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sand, silt, and clay. Thorough washing was necessary and, in order to 
utilize as much of the pit material as practicable, large rock had to be 
crushed. 


Specifications provided that aggregates from the deposit near Estes 
Park be processed into sand and two fractions of coarse aggregate having 
nominal sizes of 3/16- to 34-in. and 34- to 1144-in. The processing plant 
as originally erected by the contractor, is shown in Fig. 3. It embodied 
an 18 x 36-in. primary jaw crusher set to a jaw opening of 31% in.; a 
9 x 36-in. secondary jaw crusher set to a l-in. opening; a fixed gravity 
screen having 3/16-in. elongated openings for initial separation of sand 
from the coarse aggregate; and a triple-deck gyratory screen with screens 
having 1%4-in. square, l-in. round and 3/16-in. elongated openings on the 
top, middle and bottom decks, respectively. 

Spray nozzles above the screens proved inadequate for removing clay 
balls from the coarse aggregate and it was necessary to install a spiral 
washer for each size of coarse aggregate. 

Sand fell from the gravity screen directly into a bin under the screen- 
ing tower. From the bin the sand flowed by gravity to a centrifugal 
pump and was pumped, through a 6-in. pipe line 1,200 feet in length, to 
the stock pile. All or any part of sand passing the 3/16-in. mesh bottom 
deck of the vibrating screen could be diverted to the sand bin or to waste. 
Generally the coarse portion passing through the lower part of the screen 
only was wasted. The quantity and velocity of the water in the sand 
bin was utilized in control of silt and clay content. 

The use of jaw crushers in crushing the hard cobbles resulted in pro- 
duction of a relatively high percentage of flat and elongated particles, 
many of which would just pass a 1%4-in. square opening. As this con- 
dition was thought to detract from the pumpability of concrete produced 
with the aggregate, a series of trial concrete mixes was made. The 
aggregate, then being produced and employed in the trial mixes, was 
graded 24 percent, No. 4 to %%-in.; 16 percent, 34- to 34-in.; and 60 
percent, 34- to 1-in. 

The trial mixes indicated that it was not possible to obtain an en- 
tirely satisfactory concrete, even with as much as 46 percent sand or by 
use of admixtures in reasonable amounts. Characteristic mixes illustrat- 
ing the problem are given in Table 1, mixes A and B. Elimination of the 
oversize in the 34- to 1%-in. aggregate size, mix C, improved the concrete 
characteristics somewhat, and a reduction in the quantity of No. 4 to %- 
in. fraction in the No. 4 to 34-in. aggregate size, mix D, added to the 
improvement. However, best results were obtained in mix E, by in- 
creasing the —100 mesh fraction of the sand 4.2 percent, along with the 
previous corrections incorporated in mixes C and D. 
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With the trial mix data as a guide, an effort was made to improve the 
grading of the aggregate being processed by securing a finer sand, chang- 
ing the grading of the coarse aggregate, and reducing the quantity of long 
and flat particles. 

A finer sand was produced by wasting portions of the 4, 8, and 16 
mesh fractions of the sand and by inclusion in the aggregate deposit 
excavation, a layer of fine sand, silt and clay overlying the main de- 
posit. This layer had previously been removed as stripping and wasted. 
Use of the layer called for more thorough washing of the coarse aggre- 
gate for removal of silt and clay and was accomplished by the spiral 
washers mentioned previously. 

To eliminate the oversize in the coarse aggregate, the contractor was 
permitted to reduce the nominal maximum size to 144 in. with the 
understanding that all of the larger sizes of the coarse aggregate would 
pass a 1! in. square opening. The contractor also replaced the 9- x 26- 
in. secondary jaw crusher with a 22- x 40-in. corrugated roll crusher. 
These changes brought about a material improvement in the grading 
and in the particle shape of the aggregate. Studies made of the roll 
crusher product, and discussed below, showed the coarse aggregate to 
have fewer flakes and elongated particles with rollers set to provide a 
\4- to l-in. space between rolls. Further, at this particular setting, the 
coarse aggregate was being produced in the proportions of 18.1 percent 
No. 4 to 34-in.; 31.2 percent, 34- to 34-in.; and 50.7 percent, 34- to 144- 
in. very close to the desired grading. 

Resulting aggregate produced mixes which were exceptionally work- 
able and it was possible to employ less sand than was anticipated. Both 
invert and arch and sidewall mixes, adjusted to meet job conditions are 
given in Table 1. Mix F was used in the invert lining and was placed 
and finished without difficulty at slumps as low as 1 in. Concrete for 
arch and sidewall lining was normally placed at a slump of 334- to 414-in. 
and was easily handled, placed, and consolidated. Best results on the 
job, with the roll crushed aggregate, were obtained with a coarse aggregate 
grading of 45 percent No. 4 to 34-in. and 55 percent 34- to 14-in. The 
improved workability of the concrete would probably have enabled 
return to the larger maximum size for pumpcrete work, but it was de- 
cided to adhere to the contract commitments, which provided for the 
14j-in. nominal maximum size. 


Test data included in this paper should not be misconstrued to indi- 
cate roll crushers were the only solution to our problem, but they did 
fortunately provide satisfactory results on this particular job with local 
aggregates, the coarser portion being essentially composed of slightly 
to moderately weathered gneisses and granitic rocks. 
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The aggregate plant produced a clean and fairly well graded sand, 
having an average fineness modulus of 2.80, and a clean coarse aggregate, 
containing 50 to 75 percent of crushed material in the 3/16- to °4-in. 
size and 50 to 60 percent in the 34- to 114-in. size. 

To evaluate the improvement in particle shape, due to use of the roll 
crusher, the relative quantities of flaky and long particles present in 
the coarse aggregate produced prior to and after installation of the roll 
crusher, were analyzed by the method presented in Road Research 
Bulletin No. 2, ‘The Shape of Road Aggregate and Its Measurement.” 
The bulletin was published by the British Department of Scientific and 


TABLE 2—A STUDY OF PARTICLE SHAPE OF COARSE AGGREGATE 


(Percent of total finished product) 











Description of After installation 
aggregate Pior to of roll crusher 
| installation ——_—__—— -—— — 
Size Type | Shape | of roll Roll set toll set 
crusher at % at i" 
1”-114” | Uncrushed | All 59.5 76.8 27.8 
Flakes 4 4.6 0.6 
Longs 8.7 4.4 0.8 
| 
Crushed | Crushed 40.5 23.2 72.2 
Flakes 6.3 2.8 6.9 
| Longs 15.0 1.3 2.8 
Total All 100.0 100.0 100.0 
| Flakes 10.7 + 7.5 
Longs 23.7 5.7 3.6 
34"-1" Uncrushed | All 61.1 57.2 19.4 
| Flakes 1.8 1.3 0.8 
Longs 15.4 12.9 3.0 
Crushed | All 38.9 42.8 80.6 
Flakes 4.8 2.8 5.5 
Longs 20.5 11.0 18.4 
Total All 100.0 100.0 100.0 
Flakes 6.6 4.1 6.3 
Longs 35.9 23.9 21.4 
14”"— 34” Uncrushed | All 72.5 28.9 37.8 
Flakes §.2 1.0 2.3 
Longs iy ef 8.3 7.4 
Crushed All 27.5 71:3 62.2 
Flakes 4.3 5.7 6.2 
Longs 13.2 18.3 4.1 
} 
| Total All 100.0 100.0 100.0 
Flakes 9.5 6. 8.5 
Longs 30.9 26.6 11.5 
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Industrial Research and Ministry of Transport. A summary of the 
results of the study is given in Table 2. 


CEMENT 


A Type II (modified) cement was used. That for the east portion was 
purchased from the Colorado Portland Cement Company and trans- 
ported in bulk by truck directly to the east portal batching plant from 
the mill storage silos near LaPorte, Colo. Cement for the west portion 
was furnished by the Monolith Portland Cement Company from a plant 
near Laramie, Wyo. and was shipped by rail in bulk from the plant to 
a 1500 bbl. storage silo at Granby, Colo. From Granby the cement was 
trucked 12 miles to the west portal batching plant. The trucks (Fig. 4) 
consisted of a standard dump bed with special water tight cover. Similar 
trucks were employed on both sides of the divide in transporting cement 
and functioned very satisfactorily. 


BATCHING 


Cement and aggregate for concrete were proportioned by weight in 
manually operated equipment installed in plants erected at each tunnel 
portal, (Fig. 5 and 6). 





Fig. 4—Cement was transported in standard dump trucks fitted with a specially 
constructed water tight cover. 
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Cumulative batching hoppers were employed in proportioning the 
aggregates and separate hoppers in weighing the cement. The batching 
plant at the west portal consisted of a circular cement storage bin of 600 
bbl. capacity, surrounded by the three aggregate supply bins and had an 
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Fig. 5 (top)—The east portal patching plant was in reality two independent structures, one 
for the batching of aggregate, and the other for the storage and batching of cement. 


Fig. 6 (bottom)—The west poral batching plant was erected over the tunnel portal. 
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added feature in that it had been erected directly over the tunnel portal. 
All batched materials were therefore protected from rain and snow at 
all times, a distinct advantage in this climate. The batching plant at 
the east portal was in reality two structures. One housed the aggregate 
supply bins and batching equipment and the other, a circular cement 
storage bin of 1,500 bbl. capacity and cement batching equipment. 


TRANSPORTATION OF CONCRETE MATERIALS 


The weighed concrete materials were manually dumped from batching 
hoppers into the specially constructed 24-inch gauge bottom dump rail 
vars (Fig. 7). The cars were divided into two compartments each capable 
of holding cement and aggregate for one-cu. yd. of concrete. In each 
compartment a special open bottom container was built for the cement 
to keep it separate from the damp aggregate and lids were provided to 
protect it from moisture in the tunnel. The containers were deepened 
4-in. more than shown in Fig. 7, to accommodate the cement, which was 
bulked due to batching. To avoid loss in transfer of cement from batcher 
to cars, a canvas tube attached to the bottom of the cement batching 
hopper was employed. 

On the east portion of the work, six car trains, pulled by 8-ton battery 
electric locomotives, transported dry-batched materials for 12 cu. yd. 
of concrete into the tunnel. Six such trains were kept in service during 
concrete placement operations. On the west portion of the work, both 
electric and diesel locomotives were used. Diesel locomotives hauled 
10 cars (20 cu. yd. batches) into the tunnel. Two such trains on the 
west side were in service during placement. In using the electric loco- 
motives, 4 eight-cer (16 cu. yd.) trains were required. Sidings, or pass- 
ing tracks, at intervals throughout the tunnel, permited passing of 
loaded and empty trains. A movable siding or “California Switch,”’ 
located just to the rear of the receiving, mixing, and placing equipment, 
was employed in switching empties from the equipment and loads to the 
equipment. Switching in both ends of the tunnel was accomplished by 
battery electric locomotives. 


CLEANUP OPERATION 


The major portion of the cleanup work was completed before placing 
operations in the tunnel invert began and consisted of removing loose 
rock, mud, and debris. However, such materials and water that accu- 
mulated after the original cleanup, were removed just prior to the 
placement of the invert concrete by hand shovel, brooms and pumps. 

Material in the shoulders at the sides of the invert (Fig. 2) was broken 
tunnel rock composed of coarse fragments embedded in finer material. 
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Fig. 7—Detail of the dry-fiatch cars used in transportation of cement and aggregate 
to site of mixing and placjng. 


It was densely compacted, and as attempts at further consolidation by 
mechanical means resu'ted more in loosening of the material than in 
its consolidation, this egrner fill was allowed to remain in place. 

The invert lining wss placed in advance of the arch and sidewall 
lining, consequently sogae accumulation of debris, rock, ete., occurred 
before the arch and sidéwall lining was placed. Just prior to the place- 
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ment of arch and sidewalls, loose rock was barred down, and debris, mud, 
water and the scale or encrusted mortar on steel supports, were removed. 
In supported ground, all collar braces were removed, lagging was removed 
insofar as practicable, and the remaining lagging was tightened. 


TUNNEL DRAINAGE 


Flow of water into the tunnel from surrounding rock was considerably 
less than was originally anticipated. Grouting of the rock, as the head- 
ing advanced during excavation, was successful in reducing the flow so 
that drainage was not a major problem. However, there were some 
areas that needed attention in this respect and they were handled by 
various methods. Where flow from shattered rock or numerous fissures 
was encountered, tile drains (Fig. 2), parallel to the center line of the 
tunnel, were laid in gravel filled trenches prior to placement of the invert. 
Drainage from the trenches was accomplished by 2-inch pipe extending 
from trench through lining into tunnel invert. In areas more or less 
confined to flow from a continuous fissure, a box filled with gravel was 
used to cover the main flow from the fissure, and a pipe from the box 
through concrete lining served as a drain from the lined tunnel. In other 
cases, Where flow was from a spring or from a single fissure, a hole drilled 
into the water course served for installation of a 2-inch pipe which 
extended through the concrete lining. 


In all of the above instances pipe was set prior to the placement of 
concrete. Areas in the tunnel showing little flow, but some dampness, 
were provided with drainage by drilling 2-in. weep holes through the 
completed lining. 


INVERT FORMS 


On the east end of the tunnel, wooden invert forms (Fig. 8) were em- 
ployed. They consisted of 20-foot longitudinal sections, constructed of 
3-in. lumber, nine or twelve in. in width, depending upon the depth of 
the excavated tunnel bottom. 


Kach end of the twenty-foot sections was notched and steel plates were 
provided on the outside of the form for assuring a tight fit between 
sections and for maintaining adjoining sections on line and grade. <A 
spreader, either 2- x 8- or 2- x 10-in., depending upon use of 3- x 9-in. or 
3- x 12-in. longitudinal form sections, was set between the parallel sec- 
tions of the forms and the forms were then pulled together with a Coffin 
jack. Wedges under the forms provided adjustment for grade and 
shores braced against tunnel walls provided adjustment for line and 
prevented the forms from floating. After forms had been set and shores 
placed, the Coffin jacks were removed. The spreaders between parallel 
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Fig. 8—Invert forms (bottom) and slip form (top) for invert lining on the east end of tunnel. 


sections of forms were removed just ahead of concrete placement opera- 
tions. 

Invert forms in the west portion of the tunnel consisted of standard 9- 
in. paving forms and were held in place by anchor bars drilled into the 
tunnel walls as shown in Fig. 9. Setting of forms, spacers, blocking, ete., 
was similar to that employed in the east portion of the tunnel. 

Invert forms were generally left in place 24 to 48 hours, depending 
on the amount of invert placed during a day and the need for forms for the 
following day’s work. 


ARCH AND SIDEWALL FORMS 


Steel forms manufactured by the Blaw-Knox Co. were employed 
in lining the arch and sidewall sections of the tunnel. Forms were furn- 
ished the contractors “knocked down” into five parts; the arch, the two 
sidewalls, and the two aprons. When assembled, the sections were 5 
feet in length, and in turn were assembled into a 25-ft. form section. 
Details of the form construction are shown in Fig. 10. The contractor 
on the east portion of the tunnel lining work had 14 such 25-ft. sections 
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Fig. 10—An assembled arch and sidewall form. 
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or 350 lin. ft. of form. The contractor on the west portion had 15 25-ft, 
sections, or 375 lin. ft. 


Hatchways were provided in the forms at 5-ft. intervals in the arch 
and at 10-ft. intervals just below the spring line. 


All forms were wired for 110 volt electric current, with wiring enclosed 
in rigid and flexible conduit. Outlets were provided for lights at 5-ft. 
intervals on each side of the forms and there was a convenience outlet 
box on each side at each end of a 25-ft. form section. Rapid connection 
of electric cables between forms was readily accomplished. 


Fig. 11 shows an arch and sidewall form in place. In the figure, form 
aprons are bolted to anchor bolts that have been set in the invert at 5-ft. 
intervals while the concrete was still plastic. The needle beam of the 
form shifting “Jumbo” has been raised by four hydraulic jacks to contact 
the arch. Screw jacks are extended to hold sidewall portions of the form 
against the lining. To strip forms, bolts between adjacent 25-ft. form 
sections are first removed. Invert anchor bolts and bolts between 
aprons and sidewall portions are next removed and aprons are raised. 
The screw jacks pull the apron and sidewall forms inward until opposite 
sides are against the ‘Jumbo.’”’ The needle beam is then lowered and 





Fig. 11—An arch and sidewall form in place and traveler or “Jumbo” in position for re- 
moval of form. 
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the form folds into position for transportation through other forms in 
place, to a new location. 


Form setting was exactly the reverse of stripping. A form could be 
stripped, moved ahead, cleaned, oiled, and reset in less than 2 hours. 
Forms were left in place a minimum of 24 hours after concrete placement. 

At the end of placing operations for the day, a vertical construction 
joint was provided by placing a wooden bulkhead at the end of the last 
25-foot steel form filled during the day. Bulkheads were left in place 
for six to eight hours before being stripped. 


CONCRETE MIXING 


Procurement of a suitable mixer for use in the tunnel work presented 
some problems because standard mixers of sufficient capacity were too 
large for a tunnel of this size. It was necessary, therefore, to remodel the 
mixer frame and either lower the water batching tanks or provide for 
water batching by meter. On the east end of the work, a Ransome 
mixer was selected by the contractor and water was batched by meter. 
On the west end, a Rex mixer was employed with the water batching 
tanks lowered to provide clearance between the tanks and tunnel roof. 
The small clearance between mixer and tunnel arch and walls can be 
seen in Fig. 12 and 13. Both mixers had a capacity of 1 cubic yard. 


In feeding the batching water, a portion preceded the aggregate into the 
mixer, the main portion was fed with the cement and aggregate, and the 
balance was added after aggregate and cement. On being discharged 
from the mixer, as shown in Fig. 13, concrete fell onto the pumpcrete 
charging conveyor for delivery to the 2-cu. yd. remixing drum of the 
pumpcrete machine. The remixing produced a more uniform concrete 
and resulted in less delay in placing progress. The original mixing 
period of 114 minutes was reduced to 1 minute because of the remixing. 


TRANSPORTATION OF FRESH CONCRETE 


Movement of concrete to forms was accomplished by the pumpcrete 
machines, of which the horizontal remixer drum was a part. In both 
portions of the tunnel No. 200 pumpcrete machines pumped the concrete 
through 7-in. external diameter (67%-in. i.d.) steel pipe to the forms. The 
pump on the western portion of the lining work was a conventional 
double-valve machine. That on the east portion was of new design, 
having a single valve. Both machines functioned well. The principal 
feature of the single valve machine was its simplification. It had fewer 
working parts, was more quickly repaired, required less servicing, and 
was more easily cleaned at the end of a day’s work. Some difficulty was 
encountered in pumping concrete with the experimental type single 
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Fig. 12 (top)—A Rex mixer was used on the west end of the work. Water batching tanks 
were lowered to provide clearance between mixer and tunnel roof. 


Fig. 13 (bottom)—A Ransome mixer was used on the east end of the work. Water batching 
tanks were removed completely to provide clearance and batching performed by meter. i 
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valve machine during early operations, but the problems were largely 
corrected by the manufacturer and concrete with slumps as low as 1-in. 
were placed without difficulty through 600 ft. of pipe. 

The location of the pumpcrete pipe line in transporting invert con- 
crete to forms differed on the east and west ends. On the eastern work, 
the pipe line was supported on tripods and 10-ft. sections of the line 
were removed from the discharge end as placement progressed. On the 
western work, a 300-ft. “slick” line, that is, a 300-foot section of pipe 
without couplings, was suspended on rollers from the roof of the tunnel 
by anchor bars set into the rock or welded to the steel tunnel supports. 
The 300-foot “‘slick’”’ and “‘string’”’ of equipment were moved backward 
as placing progressed. The installations are shown in Figs. 9, 14, and 15. 


PLACING 


Invert concrete, delivered at the forms on the eastern work from the 
pipe line located approximately in the center of the invert section (Fig. 
14) fell a maximum distance of 4 ft. to the tunnel floor. General practice 
allowed concrete to pile up as it flowed from the pipe line. It was then 
shoveled and vibrated into place. Little segregation occurred during 
the handling of the 134 in. slump concrete in this manner but care was 
exercised to avoid over-vibration and movement by vibration in a 
horizontal direction was held to a minimum. 

The invert form was filled until it was approximately level full. <A 
slip-form, which rode on the edges of the invert form (Fig. 8) was then 
pulled ahead by a cable attached to an air winch located on the front of 
the pumpcrete machine. Internal type vibrators consolidated the con- 
crete immediately ahead of the slip form as it moved forward. 

The pumpcrete line on the west end was 6 to 7 feet above the tunnel 
floor and the chute (Fig. 15) which rode on invert forms, prevented ex- 
cessive uncontrolled drop. Otherwise placing procedure was similar to 
that on the east end. 

Sagging of the plastic concrete, which was aggravated by vibration, 
‘aused some difficulty in filling the invert adjacent to the sloping longi- 
tudinal side forms. For this reason vibration had to be done with care 
and the slump held at not more than 1% to 2 in. 

In placing arch and sidewall lining a total of approximately 150 ft. of 
pipe was employed. 130 ft. of this pipe was “flattened-slick,’’ made by 
welding 7-in. standard pumpcrete pipe, without couplings, and flattened 
in the vertical direction to 6in. This was done to provide extra clearance 
between arch forms and tunnel back which was nominally about 9 to 12 
in. In beginning operations 75 to 100 ft. of forms were set and the 
“slick’”’ passed over the forms at the crown of the arch (Fig. 16). 
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Fig. 14 (top)}—Placement of invert lining on the east end. 

Fig. 15 (bottom)—Placement of invert lining on the west end was accomplished by use of a 
"slick" suspended from tunnel roof. Discharge end of “‘slick"’ was supported by traveller 
running on paving form. 
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Fig. 17 (bottom)—Activities at site of arch and sidewall placement. 
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In placing concrete in the arch and sidewall forms the end of the 
“slick” line was set 2 ft. from the previously formed construction joint. 
Two batches of sand-cement mortar were first pumped into the forms 
and distributed equally on each side. Concrete of 414%-in. slump was then 
pumped into the form until the area adjacant to the previously placed 
arch and sidewall lining had been filled. The slump was then reduced to 
4 in. and the concrete assumed a slope of 4 or 5 to 1 in the sidewalls from 
the crown of the tunnel to the invert. Pumping continued until the arch 
was filled and the end of the “slick” buried 5 to 10 ft. The “slick” 
was then withdrawn 2 to 3 ft. by moving the “string’’ of equipment by air 
winch and cable anchored to the track behind the equipment. When 
pump pressure was insufficient, compressed air was used to fill cavities 
in the arch and hips adjacent to the arch or to fill the arch in areas where 
lagging was in place. Air was supplied to the “slick” through a 11%-in, 
valve located 20 ft. from the discharge end of the pipe. The pumpcrete 
machine did an excellent job and thereby minimized the amount of air 
“slugging’’ necessary. 

Internal vibration by flexible shaft “wiggle-tail’’ vibrators, was per- 
formed where possible, through hatches in the sidewall forms. It was of 
special benefit in the consolidation of concrete adjacent to the invert 
concrete. Space behind the forms was constricted, however, and there 
was not sufficient space for workmen. Therefore, external vibration was 
necessary. This was accomplished by chipping hammers operated 
against the 14-in. skin plate of the forms, and by electric vibrators 
clamped to members of the forms. 

A view of concrete placement in arch and sidewall is shown in Fig. 17. 
Two internal vibrator operators can be seen in the foreground with 
flexible shafts of the vibrators extending through the hatchways of the 
sidewall forms. Hatches along the crown of the form are open in the 
immediate foreground and a workman with arm extended through the 
third hatchway is operating the ‘‘air-slugger’’ valve. The inspector 
with head extended through the seventh arch hatchway is examining the 
concrete being placed in the arch. The placing foreman also observed 
placement in this manner. Other men in the background are operators 
of the external vibrators or chipping hammers. 

A day’s placement of arch and sidewall lining was completed against 
a vertical wooden bulkhead, at the end of a 25-ft. form section. It was 
required that joints be either vertical or radial. There was only one 
departure from the requirement for vertical construction joints. In this 
instance, equipment failure resulted in the abandonment of placement 
midway in a 25-ft. section. A radial joint was constructed, without 
removing forms, by trowelling the joint while concrete was still plastic. 
After initial set had taken place, the joint was thoroughly broomed and 
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cleaned by air and water under pressure. Before resumption of place- 
ment the joint was covered with a layer of mortar. 


FINISHING 


The finishing of the concrete surface of the invert was performed in 
four steps. First, anchor bolts for holding the sidewall and arch forms in 
position were set as soon as possible behind the slip form. Anchor bolts 
(Fig. 18) consisted of a helical spring into which a 114-in. x 14-in. bolt 
was screwed. The bolt-spring assembly was set in place and the bolt 
removed after the concrete had attained its initial set. Second, the 
surface was wood floated to general shape, pulling any sag back to the 
form and consolidating the concrete adjacent to the form. Third, 
surface irregularities were removed 4% hour to an hour after placement 
by Fresno type long-handled finishing blades or long wooden floats. 
Fourth, final steel trowelling, 4 to 6 hours after concrete had been placed, 
completed the work. 


Finishing of arch and sidewall lining was more a matter of patching 
or trimming poorly formed construction joints. Such patching was 
minor. Some of the usual small air voids that occur with sloping steel 
forms were present below the spring line and increased in frequency to- 
ward the bottom of the sidewalls. These voids were 4-in., or less, in dia. 
and of similar depth. No treatment was given them. Few rock pockets 
resulted but some holes occasioned by leakage of mortar through form 
joints were repaired by chipping and dry-packing. Anchor bolt holes 
in the invert were also dry-packed after they had served their purpose. 

The longitudinal joints between sidewall and invert lining required 
attention because of the overlap of sidewall form apron onto the invert 
concrete. Overlapping concrete was removed by bush hammer. A 
view of the completed lining is shown in Fig. 19. Some flow lines or sand 
streaks developed, as shown in the photographs, unless care was exercised 
in keeping concrete flowing uniformly into each sidewall section. 


CURING 


Tunnel lining concrete was cured by a clear sealing compound pro- 
duced by the Dewey and Almy Chemical Company and marketed under 
the trade name of ‘Daraseal No. 77.” The compound was applied by 
air-spray to the finished surface in a single coat. Good coverage was 
obtained by using | gal. of the compound for each 180 sq. ft. of surface. 
The compound was applied to invert concrete surfaces about 12 hours 
after the concrete was placed. Application to sidewall and arch lining 
took place after steel forms had been stripped, usually in 24 to 48 hours. 
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Fig. 18—Anchors. 


During excavation, the tunnel was ventilated by blowers which furn- 
ished air through a 20-in. steel fan line to the workmen in the heading. 
The line was suspended from anchor bolts set in the right arch of the 
tunnel and was extended as necessary as the heading advanced. On 
the west side, 2 Roots-Connersville blowers, each capable of furnishing 
12,000 cfm. of air, were employed. One blower was located at the west 
tunnel portal and the other, 20,700 ft. in from the west portal, functioned 
as a booster. On the east end of the tunnel 4 smaller, but similar Roots- 
Connersville blowers were used. Each of the smaller blowers had a 
capacity of 7,000 cfm. of air. One of the 4 blowers on the east end was 
located at the tunnel portal, and the other three, functioning as boosters, 
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Fig. 19—The completed lining is relatively free from imperfections and a glossy finished 


surface is produced by the form oil. 
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at 9,000- to 12,000- ft. intervals throughout the tunnel. The blowers 
were reversible and could readily be changed from ‘‘blow’’ to “‘draw’’ or 
vice-versa. 

Because of the limited clearance in the tunnel, it was necessary to re- 
move the 20-in. fan line before beginning concrete placement. All blowers 
were then moved to the portals. The two 12,000 cfm. blowers were in- 
stalled at the west tunnel portal and the four 7,000 cfm. blowers were 
installed at the east portal. Bulkheads were constructed at the portals 
and doors provided for passage of equipment and materials. The 
blowers furnished air through the bulkheads with blowers at one end 
of the tunnel “‘blowing”’ while those at the other end were “drawing.” 
The operation was balanced weekly by reversing the direction of the 
blowers. For this reason variation occurred in curing conditions. 

During the invert placement, atmospheric conditions within the 
tunnel were fairly stable. The tunnel air temperature varied from 55 
to 70 F. and the relative humidity from 90 to 100 percent. In arch and 
sidewall lining, more variation occurred due to the method of venti- 
lation and the heat generated by the concrete placed. 

The first curing tests were made while invert lining was being placed 
on the east portion of the tunnel. The tests consisted of four sets of 
standard 6 x 12-in. cylindrical test specimens fabricated from concrete 
being placed in the invert. The cylinders were tested for compressive 
strength at ages of 7 and 28 days. ‘Each test set consisted of 8 cylinders. 
Two cylinders were water cured at 70 F in the materials testing labora- 
tory, after removal from molds at the age of 24 hr. The other six cylin- 
ders were stored in the tunnel after removal from the molds at the age 
of 24 hr. Two of the tunnel specimens were sprayed with ‘“Daraseal 
No. 77” curing compound; two were cured in water in the tunnel; and 
two were exposed to tunnel atmosphere. Data obtained (Table 3), was 
uniform, insofar as tunnel curing of invert concrete was concerned. Water 
euring showed best results, with atmospheric curing next, and compound 
curing the lowest. On the basis of laboratory cured specimens, the 
relationship of compressive strength for the various types of curing is 
shown in Table 4. 

With the test data available, curing of invert concrete by compound 
was abandoned. Similar tests were made on the east side in connection 
with concrete placed in the arch and sidewall lining. Results were 
variable and compound curing was resumed. 


CONCRETE CONTROL 


Rigid control of aggregate processing, concrete manufacturing, and 
concrete placement, was exercised by inspection personnel of the Bureau 
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of Reclamation. Mixes were adjusted daily to compensate for oversize 
and undersize in the aggregates employed and each train of concrete 
material batched was sampled and the aggregate moistures determined 
for adjustment of mixing water to be added at the mixer in the tunnel. 
Aggregate was produced and mixes adjusted for significant oversize and 
undersize, following the method outlined by L. H. Tuthill in “Develop- 
ments in Methods of Testing and Specifying Coarse Aggregates’’*. Mix 
uniformity was very good. 

Slump tests of freshly mixed concrete were made from samples of con- 
crete obtained as the mixer was discharged. Concrete from each train of 
material mixed was so tested. 

Special tests of the concrete were made to determine the loss of slump 
between mixer and forms. In invert placement, concrete normally 
had a slump of 1%4-in. at the mixer. No loss in slump was noted between 
mixer and forms. Arch and sidewall concrete normally had a slump of 
4in. at the mixer, a loss of 4 to 4% in. in slump was usual in this opera- 
tion. In the latter case, however, tunnel temperatures generally ex- 
ceeded the concrete temperature by 10 to 20 degrees and accounted for 
some of the loss that occurred. 

Bleeding tests also were made at frequent intervals and were expressed 
as a percentage of water gain based upon total mixing water. The per- 
centage encountered varied from 2 to 8 percent and was not a serious 
problem. The bleeding appeared to be a function of the sand fineness. 

Test specimens of concrete, fabricated in the tunnel from samples 
obtained at the mixer, were made in cylindrical 6 x 12-in. cast iron molds. 
Specimens, in molds, remained in the tunnel for 24 hr. and were then re- 
moved to the project laboratory where the mold was removed and 
specimens cured in water at 70 F until tested for unit weight and com- 
pressive strength. 

In making contract payments, the volume of concrete placed was com- 
puted from batch weights of cement and aggregate, from water added 
at the mixer, and from water contained in the aggregates as determined 
by aggregate moisture tests. Entrapped air was neglected. The com- 
puted value was compared with the concrete yield determined from unit 
weight tests made of the fresh concrete and also from the unit weight of 
compressive strength test specimens. <A variation of 11% percent was the 
maximum. 


CONSTRUCTION AND SUPERVISORY PERSONNEL 


All features of the project were designed by the Bureau of Reclamation 
with main offices in Denver, Colo., Walker R. Young, Chief Engineer. 


*ACI Jounnan, Sept. 1042, Proceedings V. 30, P. 21 
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Project activities were supervised in the field by C. H. Howell, Pro- 
ject Engineer. Engineers F. K. Matejka and G. R. Highley were re- 
sponsible for tunnel work on the east and west portions respectively, 
R. P. Blackwell, engineer, was responsible for concrete control and A, C. 
Link, engineer, for construction of the west portion of the tunnel. Work 
on the east end and coordination of all lining work was the duty of the 
writer. 

F. R. Purvis was general superintendent for the 8. S. Magoffin Com- 
pany on the east portion of the tunnel and George England was concrete 
superintendent. John R. Austin was superintendent and general mana- 
ger for the Stiers Bros. Construction Company on the west portion of the 
tunnel, with Ray Blasongame in charge of the lining work. 
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Repairs to Spruce Street Bridge, Scranton, Pennsylvania* 


By A. BURTON COHENT 


Member American Concrete Institute 


SYNOPSIS 


Repairs and reinforcements of the Spruce Street Bridge built in 1893 
over the Lackawanna Railroad and Roaring Brook in Scranton, Pa. are 
described. The effective application of the “Alpha System-Composite 
Floor Design’”’ reinforced the floor system at the same time a new con- 
crete floor slab was laid. Contract prices are included and ten illustra- 
tions supplement the text of the paper. 


The Spruce Street Bridge, built in 1893 over the Lackawanna Railroad 
and Roaring Brook, carries a main highway leading from New York City 
into the near-by central-city business section of Scranton, Pa. It con- 
sists of six through Pratt truss spans averaging about 106 ft. in length 
and one 210-ft. deck span over Roaring Brook. (Fig. 1) They are 
supported on steel towers 8 to 10 ft. in width. The roadway, 37 ft. in 
width, includes a single-track street car line placed along the easterly 
curb. Two 8-ft. sidewalks are cantilevered from the trusses. The floor 
beams, at panel points, are spaced 17-to 21-ft. centers, excepting on the 
deck span over the brook, where the spacing is 10 ft. Longitudinal I- 
beam stringers, 3 ft. 1114 in. on centers, rest directly on the floor beams. 


The bridge had been posted for load restriction due to the apparent 
weakness of the floor system. There was a noticeable vibration of the 
trusses even as restricted loads passed over the bridge. It was evident 
that this was caused by the corrugated roughness and large scale disin- 
tegration of the pavement composed of 3 in. of asphalt laid on a dry 
concrete cushion. This pavement was laid directly on %-in. buckle 
plates which were bolted to the stringers. Many of the bolts were loose 
and some were missing. 


*Presented at the 42nd Annual ACI Convention, Buffalo, N. Y., February 20, 1946. 
TConsulting Engineer, New York, N. Y. 
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Fig. 1—General view of Spruce Street Bridge 


Repairs and reinforcement 

The general lack of rigidity of the floor system was the cause of the 
vibrations that completely disintegrated the pavement. It was im- 
possible to maintain the pavement in good condition. The span over the 
railroad was replaced in 1937 due to major deterioration caused by loco- 
motive fumes. The original structural members of the remaining 6 
spans, 792 ft. in length, were in good condition showing no sign of sec- 
tion diminution. The buckle plates were well preserved, minor repairs 
had been made from time to time, but structural reinforcement had 
been given no consideration. 


Assuming that the bridge had the proper strength, the city was faced 
primarily with the expense of replacing the pavement. <A preliminary 
analysis showed the stringers to have the precariously low carrying 
sapacity of 6- to 8-ton vehicular loading. This condition did not warrant 
stiffening repairs to the buckle plates in order to replace the pavement. 
Then followed the imperative consideration of structural reinforcement 
of the bridge. 


Application of the “Alpha System-Composite Floor Design"’ 

The old pavement was removed to the street car rail and replaced by a 
concrete paving slab of like thickness, about 6 in., to become the flange 
of a composite T-beam with the I-beam stringers (Fig. 2). A '%-in. 
slot separated the buckle plates along the center line of the stringers 
adjacent to the bolt lines. The buckle plates were welded to the string- 
ers in the slot, and the spirals to the buckle plates, to effect the shear 
or bonding medium between the concrete slab and the I-beam stringer. 
The strength of the floor system was thus increased from a 6-to 8-ton 
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Fig. 3—Looking north across the deck span 


loading to a 15-ton loading. This did not exceed the effect on the trusses 
of a uniform live load of 100 lb. per sq. ft. over the entire floor, for which 
trusses were originally designed. The floor beams, spaced 17 to 21 ft. | 
apart, were also of sufficient strength to carry two 15-ton truck con- 
centrations and a street car loading in line. The floor beams of the deck 


span, 10 ft. apart, were over-stressed. These were reinforced by welding 
a pair of 4-in. x 6-in. angles in both top and bottom flanges. (Fig. 2) 
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Fig. 4—Looking south through two end spans 
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In addition to the spirals, 44-in. round transverse and longitudinal bar 
reinforcement provided for shrinkage and thermal changes. ‘Transverse 
spirals joined the buckle plates to the slab for transverse composite 
action. The longitudinal spirals were 54-in. plain round bars with 8-in. 
pitch; transverse spirals were 14-in. round bars with 8- and 10-in, pitch. 
(Fig. 5). The street car rails were directly over two stringers. In order to 
maintain street car traffic during construction operations, the buckle 
plates were welded to the stringers under the plates and each rail flanked 
by a pair of spirals parallel and immediately adjacent thereto. 

The slot weld (14-in. fillet 2 in. in length) and the spiral weld (44-in. 
and 5¢-in. fillets 1%4-in. in length) coincide in position at the point of 
contact of the spiral, so that both welds could be made simultaneously. 
(Fig. 2 and 5). Some of the buckle plate bolts were knocked out in the 
operation of removing the old pavement. No shear value was assessed 
for these bolts in design of the composite section. There were 19,000 in. 
of slot welding, 11,600 in. of overhead welding under the street car tracks 
and 96,500 in. of spiral welding. The weight of the spirals amounted to 
29,000 Ib. 

Pouring ; 

A sectional platform which was readily removed by hand was placed 
on wooden horses to form a stage over which the concrete was hauled in 
buggies. Alternate sections of the slab were poured to facilitate longi- 
tudinal screeding. These sections were bounded by transverse con- 
struction joints over each floor beam. The bulkheads rested against a 
pair of 2'4-in. angles, which joined and supported the buckle plates 
transversely. Since the concrete slab section was pierced by these angles, 
they were found to be a favorable line fora construction joint. (Fig. 6and7). 





Fig. 5—Spiral reinforcement 
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Fig. 6—A typical panel 





Nevember 1946 


The concrete was delivered in 3-yd. transit trucks from a ready mix 
plant located about a mile from the bridge site. 5% bags of portland 
and 1 bag of natural cement per cu. yd. resulted in an excellent mobile 
concrete, Other characteristics of the mix were: sand, 1200 tbs.; stone 


(1'%-in.), 1870 lb.; water, 35 gal. plus aggregate absorption; slump, 3- 


in. The concrete had practically no movement by its own weight, but 


it moved very sluggishly en masse with little vibration. 
sections, averaging 19 ft. in length, were poured daily. 


About 4 to 6 


Transversely, 





Fig. 7—Slab section ready for concreting 
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Fig. 8—Placing concrete slab 


the slab was poured in two sections: 1) the roadway to inside rail of 
track, 28 ft. 4 in. in width; and 2) track section to curb, 8 ft. 8 in. in 
width. The roadway sections for the full length of the bridge were 
poured first from trucks operating over the old pavement of the track 
section. 

The concrete was sereeded from the transverse bulkhead, a 2 x 6 in. 
plank on edge, bolted to clamps with slotted holes for adjusting plank 
to the crown of road. The clamps were welded to the floor plates. The 





Fig. 9—Screeding 
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g 
; Fig. 10—Curing by oil spray 
q ; ; , 
4 bulkheads were easily bowed to crown of the pavement (Fig. 8). The 
: concrete surface was wood floated after screeding from a wooden bridge 
Di spanning the panel section, after which it was carefully broomed. The 
3 1 ; ¢ “cp: ‘ ” 
: concrete was cured by an oil spray with the trade name of “Rite-Cure. 
; Contract prices for the job were: 
‘ (1) Old pavement removed $ 6,800 
i (2) New expansion joint assemblies 1,800 
H (3) Floor beam angle reinforcement 3,000 
§ (4) Painting, new drains, mise... 1,500 
fe : ; 
, (5) Concrete paving slab... . ;, 10,000 
(6) Spiral, slot, overhead welding, bar reinforcement 20,400 
; Total. . $43,500 
The area of the bridge floor (37 ft. x 792 ft.) was 29,304 sq. ft. The 
cost of floor reinforcement, items (3) and (6), was $23,400, a unit cost of 
80 cents per sq. ft. 
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INTRODUCTION 


In the preceding part of this paper some of the methods of studying 
hydrated portland cement paste were reviewed and the principal results 
obtained by previous investigators were presented. In this part of the 
paper the studies of water fixation carried out in this laboratory will be 
described. * 


As shown in the first section, water fixation has claimed the interest of 
several investigators. The reason for such interest is not hard to find, 
Some of the water associated with hardened cement paste is obviously 
a constituent of the new solids produced by chemical reactions, — If 
all such water is driven from the paste, the cohesion of the paste is de- 
stroyed. Another part of the water, amounting in saturated paste to as 
much as 50 percent of the volume of the paste, or even more, is free to 
leave the hardened paste without destroying the cementing value of the 
material. It does, however, have important effects on the hardened 
paste: the paste shrinks as water is lost and swells as it is gained; the 
strength and hardness of the hardened paste vary with its degree of 
saturation; some of this water is freezable and is thus a source of dis. 
ruptive pressures that tend to disintegrate concrete exposed to weather. 
Furthermore, the amount of water that is free to come and go in response 
to changes in ambient conditions is an index to the degree of porosity of 


m1 9 
*The charncteriation of the coments mentioned in this part may be found in the Appendix to Part 2 
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the hardened paste. The porosity is obviously an important property 
of the material related directly to its quality. 


One incentive for studying the fixation of water in hardened paste 
was the possibility that suitable measurements of the manner in which the 
water is associated with the solids would provide the means of estimating 
the nature and size of the pores in the paste. It was hoped that such 
knowledge would simplify the problem of relating the chemical and 
physical characteristics of the cement to its quality. This hope arose 
rather directly from the hypothesis of Freyssinet™®* which had a major 
influence on our choice of experimental procedure. The chosen procedure 
was intended to yield information on the porosity and pore-size distribu- 
tion of the hardened paste and other information that might bear on the 
questions of volume change, durability, plastic flow, ete. 


Porosity. ‘To speak, as above, of the porosity of hardened paste is 
likely to be misleading unless the term is properly qualified. The word 
“porosity” can be interpreted differently according to past experience 
or to the chosen criterion as to what constitutes porosity. Certainly, 
the term is misleading here if it calls to mind such materials as felt or 
sponge. 

Whether or not a material is considered to be porous depends in part 
on the means employed for detecting its porosity. If a material were 
judged by its perviousness alone, the decision would rest primarily on the 
choice of medium used for testing its perviousness. For example, vul- 
ecanized rubber would be found impervious, and hence, non-porous, if 
tested with mercury, but if tested with hydrogen it would be found highly 
porous. ‘The perviousness of hardened cement paste to water and other 
fluids is direct evidence of the porosity of the paste. 


Regardless of the size of the pore, a substance near enough to the 
boundary of the pore is attracted toward the boundary by one or more 
types of force known collectively as forces of adsorption. ‘These forces 
are sufficiently intense to compress a fluid that comes within their range. 
If the fluid is a vapor, the degree of compression may be very great; 
the vapor may be liquefied or solidified; if the fluid is already a liquid, it 
may undergo further densification on making cortact with the solid 
surface, Since the range of the forces causing such effects is very small 
afew hundredths or thousandths of a micron——only a negligible part of 
the enclosed space in pores of microscopic or macroscopic dimensions is 
Within the range of surface forces. However, when the pores are of the 
same order of magnitude as the range of surface-forees, it follows that a 
large portion, or all, of the enclosed space is within the range of surface 
forces. For this reason, substances containing a large volume of sub- 


*Hee references, end of Part 2 
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microscopic pores exhibit properties and behavior not noticeable in 
ordinary porous bodies. For example, porous bodies of submicroscopie 
(colloidal) texture shrink and swell markedly on changing the liquid 
content of the pores, the magnitude of the effect being controlled by 
the intensity of attraction between the solid and the liquid. Moreover, 
changes in liquid content alter such properties as strength, elasticity, 
heat content, and other properties that in non-colloidal solids are vir- 
tually constant at a given temperature. Some of these effects will be 
the subject of discussion farther on. 


CLASSIFICATION OF WATER IN HARDENED PASTE 


The present discussion aims to elucidate those features of a hardened 
paste that are revealed by the relative proportions of the total water 
content that fall in three different categories, as follows: 

(1) Water of constitution. 

As used here, this term refers to water of crystallization or 
water otherwise chemically combined; it refers to water that is a 
part of the solid matter in a hardened paste. 

(2) Water bound by surface-forces—-adsorbed water. 
(3) Capillary water, 
This is that water which occupies space beyond the range of 


the surface-forces of the solid phase. 


The above classification is of little practical use, for as yet no way has 
been devised for actually separating the total water content into such 
divisions. On drying, water of category (2) and of category (3) are lost 
simultaneously. Furthermore, not all the water in these two categories 
can be removed without removing also some of the water of constitution 
(category (1) ). Nevertheless, since evaporation or condensation is the 
most feasible means of manipulating it, the total water must be studied 
first with respect to the relative volatilities exhibited by different portions 
of it. From such data, means of estimating the amounts of water in the 
three categories given above have been developed, as will be shown. 

The water in a saturated, hardened paste is classified in this paper 
according to its volatility as follows: ‘The water that is retained by 
a sample of cement paste after it has been dried at 23 C to constant 
weight in an evacuated desiccator over the system Mq(ClO4)s.211,0 4 
Mg(ClOg 2.41120 as a desiccant* is regarded, in this discussion, as “fixed” or 
“combined” water, To avoid any unintentional commitments as to the 
state of combination of this part of the water, it is called non-evaporable 
water. The rest of the water in a saturated specimen is called the evapor- 


*The material is purchased as “Dehydrite’—Me(ClOgs ‘The two molecules of water are added at the 
time of use. Mee Drying of Samples 
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able water. ‘The non-evaporable water probably includes most of the 
water of constitution, but not all of it, for at least one of the hydrates, 
calcium sulfoaluminate, is partially decomposed when the evaporable 
water is removed. On the other hand, it is not certain that all the non- 
evaporable water is water of constitution, for it is possible that some of 
it can be removed (by slightly raising the temperature) without decom- 
posing any compound present. (See Part 1, Isobars from Portland 
Cement Paste.) In this connection, a reading of Lea’s paper “Water in 
Set Cement” is recommended.” 


MATERIALS AND EXPERIMENTAL PROCEDURES 


The materials used for these studies were hardened neat cement pastes, 
pastes of cement and pulverized silica, or cement-sand mortars made 
with a wide variety of commercial and laboratory-prepared cements. 
The experimental procedures differed somewhat from time to time and 
with the type of specimen employed. The general features of the pro- 
cedures will be described here, and certain other details will be given at 
appropriate points in other sections of this paper. A detailed description 
of the materials and methods of the various projects will be found in the 
Appendix to Part 2. 


PREPARATION OF SPECIMENS 
Neat cement cylinders 

(Series 254-K4B and 254-MRB). Neat cement specimens were pre- 
pared, usually at a water-cement ratio of 0.5 by weight, by molding the 
mixed paste in cylindrical wax-impregnated paper molds V%-in, by 6-in. 
long. In some investigations cylindrical molds of other types were used, 
The molds were stoppered and laid in water horizontally as soon as they 
were filled, and the stoppers were removed after about 24 hours so that 
the curing water might have ready access to the cement paste. 

In mixing the pastes, 200 g of cement was mixed with the desired 
amount of water in a kitchen-type mixer. ‘The mixer was operated at 
top speed for two minutes and then the paste was allowed to rest for 
three minutes, and finally mixed again for two minutes. This procedure 
was followed to avoid the effects of certain types of premature stiffening, 
whether or not the cements showed any such tendency. 

Mortar specimens 

The majority of the mortar specimens were made from the mixes 
shown in ‘Table 1, 

As indicated in the Table 1, the aggregate consisted of standard 
Ottawa sand (20-30 mesh) and pulverized silica, the latter being of about 


the same specific surface as the cement. The quantity of silica was 
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TABLE 1—MIXES FOR MORTAR SPECIMENS 
(Series 254-8-9-10-11) 


| 





























| Proportion by weight Batch quantities in grams 
Mix Cement | Pulverized| Standard | Cement | Pulverized | Standard 
silica sand silica sand 
aig a i ae 
A Te | -- Bek” 1400 -— 2300 
B | 1.00 0.33 2.30 1000 | 330 2300 
Cc | 1.00 _ Oat | 2 | 750 530 =| ~ = 2300 


such as to give all the mixes about the same total (absolute) volume of 
cement + silica + water. 

The water-cement ratios were adjusted to give a 1!4-2-in. slump 
(6-inch cone) and varied through a small range with the different cements 
used. The values (after bleeding) were about 0.33, 0.45, and 0.58 for 
mixes A, B, and C, respectively. 

The batches were mixed in a small power-driven, open-tub mixer. 
Each batch was first mixed 30 seconds dry and then for 2 minutes after 
the water was added. Two operators working simultaneously then made 
duplicate slump tests and returned the slump samples to the mixing tub. 
After remixing the material for 30 seconds, 2x2-in. cubes and 2x2x9'-in. 
prisms were cast in watertight, three-gang molds which had _ been 
previously weighed. 

Measurements were made from which the air contents and the loss of 
water due to bleeding could be computed. This procedure was as follows: 
Before each cube mold was filled, its outside surface was carefully cleaned 
and, after filling, the mold and contents were weighed. Then the mold 
was placed in saturated air. After two hours, water that had accumu- 
lated at the top through settlement was carefully removed with absorbent 
paper and the mold again was weighed. The molds were then im- 
mersed in water at 70 F where they remained for at least 12 hours. They 
were then removed from the water, dried with paper and again weighed. 
Following this the specimens were removed from the molds, weighed in 
air surface-dry, and then in water so as to obtain the weight and volume 
of the material. The cubes were then stored in a fresh supply of water 
at 70 F where they remained until test or until they were 28 days old. 
Those that were scheduled for tests beyond 28 days were then stored in the 
fog room at 70 F. 

During the water storage the water was changed periodically to prevent 
the building up of high alkali concentration. 

At the scheduled time of test the cubes were again weighed in the 
surface-dry condition and under water. Those that had had a period of 
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storage in moist air were placed in water one day before the scheduled 
test date to allow them to absorb water if they could. 

The data obtained in this manner made it possible to ascertain the 
average amount of original unhydrated cement, silica, sand, water, and 
air in each group of companion hardened specimens. 

The prisms were treated in the same way as the cubes except that the 
measurements of settlement (bleeding) were not made. 

Truncated cones 

In one of the earlier investigations (Series 254-7) mortar specimens 
were cast in watertight, truncated cones of 4-in. base, 2-in. top diameter, 
and 6-in. height. Measurements similar to those made on the cubes 
were made on these cones before and after removing the molds. This 
gave accurate data on the settlement and the final proportions of the 
ingredients of the mixtures. 


TESTING OF MORTAR SPECIMENS 


At the scheduled test ages, which usually ranged from 7 days to 6 
months, two cubes of a kind were tested for compressive strength. 
Throughout these procedures the cubes were carefully kept wet and, 
after being tested, cubes of a kind were placed immediately in airtight 
containers. 


PREPARATION OF SAMPLES FOR STUDIES 
OF HARDENED PASTE 


Mortar specimens 

The tested mortar cubes in airtight containers, mentioned above, were 
taken from the containers as soon after the strength test as possible and 
passed quickly through a small jaw crusher. The crushed material was 
immediately transferred to a nest of sieves (No. 4-8-14-28-35-100-150) 
already cleaned, assembled, and sealed at the joints with wide rubber 
bands. The sieves were shaken on a sieving machine for 5 or 10 minutes 
and then, to prevent losses of water by evaporation, the nest of sieves 
was opened in the moist room and the material caught between the 35- 
and 100-mesh or, in some series, between the 48- and 100-mesh sieves, 
was transferred to a screw-top sample bottle. This material, which 
consisted of granules of hardened cement paste or hardened paste and 
pulverized silica, was used for the studies to be described. 


Neat cement cylinders and mortar cones 

The neat cement cylinders and mortar cones were weighed in air and in 
water by procedures somewhat like that described for the mortar cubes. 
Then, since no physical tests were made on these specimens, they were 
immediately passed through the jaw crusher and a granular sample was 
obtained by the procedure described above. In some of the earliest tests 
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the crushing was done with mortar and pestle, but this procedure per- 
mitted too much drying and carbonation of the material. 


Neat cement slabs 

For the most recent project of this study (Series 254-18) the test 
samples were very thin, neat-cement slabs. These were prepared from 
cylinders by sawing off slices and then grinding the slices on a glass plate 
with carborundum dust and water. By this method the slabs were 
reduced to an average thickness of about 0.3 mm. When saturated, 
they were translucent. 


DRYING OF SAMPLES 


The granular samples described above, in quantities not exceeding 
15 g, were placed in wide-mouthed weighing bottles and stored in 
vacuum desiccators with anhydrous magnesium perchlorate (Dehydrite), 
(The desiccators were exhausted with a Cenco Hyvac pump.) When an 
excess of the anhydrous desiccant was used, the effective drying agent 
was a mixture of Mg(ClO4)2 and Mg(Cl0,4)2.2H.O. With the thought of 
avoiding the dehydration of the calcium hydroxide, we used a quantity 
of anhydrous magnesium perchlorate in each desiccator such that when 
the original compound had combined with all the water given up by the 
samples the desiccant had become a mixture of Mg(Cl04)o.2H,O and 
Mg(Cl0,)2.4H.20; that is, this was the mixture that determined the final 
water vapor pressure in the desiccator. (Although this was the inten- 
tion, there is some evidence in the data that the desired result was not 
always realized. In some cases the final desiccant was probably the 
mixture Mg(Cl0,4)2 + Mg(ClO4)2.2H.O. Some of these cases are mentioned 
in later discussions, but it was impossible to identify all cases with 
certainty.) 

In some of the earlier projects other desiccants were used, namely, 
P.O;, H2SOy and CaO. In some the drying was done in desiccators con- 
taining air instead of in vacuum desiccators. However, most of the data 
reported here were obtained by the procedure described above. 


Reproducibility of results 

To test the reproducibility of results obtained by the drying procedure 
used for the greater part of this investigation, four sets of samples, 
each comprising 11 companion portions, were prepared from a single neat 
paste specimen 314 months old. The results are given in Table 2. 

The differences among the figures in any one column indicate the 
degree of variation among the samples in a given desiccator. The figures 
for the average loss for the different sets indicate the variations, if any, 
between conditions in different desiccators. The average losses for sets 
A and B are slightly higher than for sets C and D. Sets A and B were 
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TABLE 2—REPRODUCIBILITY OF DRYING LOSSES 
Cement: Laboratory blend of 4 commercial brands, Lot 13495 
Nominal w/c = 0.50 by wt. 
Curing: 3% months in water 


Loss of water—% by wt. 


Sample - - — 
No. A B C D 

1 19.81 20.14 19.75 19.87 

2 20.06 20.01 19.84 19.80 

3 19.93 20.10 19.85 19.96 

4 19.99 20.13 19.66 19.89 

5 20.06 20.10 19.67 19.82 

6 20.09 20.07 19.86 19.84 

7 19.98 20.04 19.93 19.87 

s 20.00 20.09 19.63 19.87 

9 20.13 20.03 19.84 19.84 

10 20.00 20.04 19.74 19.79 

11 19.72 20.20 19.58 19.90 
Average 19.98 20.09 19.76 19.86 


dried immediately after they were prepared. Sets C and D were stored 
in screw-top sample bottles for about one week before they were dried. 
It seems, therefore, that the smaller loss from sets C and D was probably 
due to the additional hydration of these two sets during the one-week 
waiting period. 


DETERMINATION OF NON-EVAPORABLE WATER 


One-gram portions of the samples dried as described above were heated 
at about 1000 C for about 15 minutes. The samples were cooled and 
weighed and then given a 5-minute reheat to check the completeness of 
ignition. The amount of loss minus the ignition loss of the original 
cement is called the non-evaporable water content of the sample. 

The computation involves the assumption that the weight of the non- 
evaporable water is exactly equal to the increase in ignition loss. . Such 
an assumption introduces some error. In the first place the original 
cement was not pre-dried as were the hydrated samples before determin- 
ing loss on ignition. Hence, the ignition loss as reported for the original 
cement might be slightly above the value correct for this computation. 
A second, more serious, source of error arises from ignoring the increase 
in the amount of combined carbon dioxide. Although precautions against 
exposure of the granular samples of hardened paste to carbon dioxide 
were taken, some carbonation did occur. Tests made on 15 different 
samples showed that in 60 percent of the cases carbonation amounted to 
less than 0.5 percent of the weight of the original cement. However, 
carbonation as high as 1.9 percent was found. When carbonation has 
occurred, the loss on ignition of the carbonated sample will be greater 
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than the non-evaporable water content before carbonation occurred, 
The increase is about 0.59 times the weight of CO, combined. For 
example, if the loss on ignition is 0.2 g per g of cement greater than the 
original loss on ignition, and if the CO, content has increased by 0.005 
g per g of cement, the non-evaporable water would be 0.2 minus the 
quantity (0.005 x 0.59) = 0.197. Thus, in this example, the assumption 
that the increase in loss on ignition is equal to the non-evaporable water 
results in an error of about 1.5 percent. At earlier stages of hydration, 
when the loss on ignition is smaller, the relative error would be consider- 
ably greater for the same amount of carbonation. 


Since the necessary data are available on only a few of the samples 
and since also there is some question as to the accuracy of the figures 
for amount of carbonation, no attempt to correct loss on ignition for CO, 
was made in preparing the data for this report. Variations in the amount 
of carbonation among the various samples undoubtedly contributes to 
the random variations that will be noted. 


Degree of desiccation of dried samples 

The degree of desiccation obtained by the drying procedure described 
above is indicated by the data given in Table 3, which gives also the 
results obtained with other desiccants. For brevity, only one of the two 
components of the desiccating mixture is given. The samples tested 
were neat cement pastes (original w/c (by wt.) = 0.5), that had been 
cured 1 year in water. Each paste was made with a different cement, 
the group representing a wide range in chemical composition. 


It will be noted that with any given desiccant, the percentages of non- 
evaporable water for the different pastes differ over a considerable 
range. However, it is significant that all the results obtained with one 
desiccant bear a virtually constant ratio to the results obtained with 
another. This is shown in Table 4, where the results are expressed as 


. 


TABLE 3 
(Data from Series 254-K4B) 





Water retained at equilibrium with the desiccant 
indicated, % by wt. of cement in specimen 
| 








Paste POs Mg(ClO,)2 | Mg(Cl04)2.2H2O H.SO;, 
No. cone. 
4S 18.3 21.4 | 22.8 22.3 
5S 17.4 20.6 22.0 22.7 
7Q 21.4 25.4 26.6 27.1 
ri 2.1 25.2 26.5 a7 1 


78 20.6 24.6 25.9 26.5 
118 17.6 20.9 22.2 22.5 
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TABLE 4 


Amount of water retained relative to that 
retained by Mg(C 04)2 .2HO 








Paste eS eee = it =-¢5" 

No. P.0s MgC 10). | Mg(C 10,)2.2H:0 | HySO., cone. 
48 0.80 0.94 1.00 0. 98+ 
5S 0.79 0.94 1.00 1.03 
7Q 0.80 0.95 1.00 1.02 
7P 0.80 0.95 1.00 1.02 
78 0.79 0.95 1.00 | 1.02 

118 0.79 0.94 1.00 1.02 








Se Seas 

*This value is probably in error—too low. In ¢ onethers group al tests, the ratio dee cone. - HeSO. ws was ay ener 
to be 1.08. Possibly the sulfuric acid used in this second group had a slightly higher water vapor pressure 
than the acid represented in the table. 


ratios to the quantity retained over a mixture of magnesium perchlorate 
dihydrate and magnesium perchlorate tetrahydrate. 

The published information on the actual water vapor pressures main- 
tained by these desiccants is not entirely satisfactory. The values given 
in Table 5, below, are the most reliable that can be found. Note that 
these values are upper limits; the actual water vapor pressures may be 
much lower. 


TABLE 5 


Residual water at 25 C 


Drying Mg. per Relative vapor 
agent liter pressure, Reference . 
p/ps* 
POs <2.5x 105 <l1x 10“ (1) 
Mg(ClO,)2(anhyd.) <3 x 10° <130 x 10 (3) 
HSO, <3 x 10° <130 x 10“ (2) 
CaO <3 x 10° | <130 x 10“ | (3) 











*p = existing water vapor pressure. ~. = water vapor pressure over a a pl ane surface of pure water—the 
“saturation pressure”’ at a given tempers ature. 

(1) Morley, J. Am. Chem. Soc. v. 26, p. 1171 (1904). 

(2) Morley, Am. J. Sci. v. 30, p. 141 (1885). 

(3) Bower, Bureau Stds. J. Research v. 12, p. 246 (1934). 


The data for CaO are open to question. Evidence to be presented 
in Part 4 indicates that the equilibrium relative vapor pressure of water 
over CaO may be much less than the value given 

The data for P20; and H:SO, are the result of very painstaking 
measurements and are probably close to the correct ones. The results 
in Table 4 bear this out. The amount of water retained by pastes dried 
over PO; is less than that retained over any other desiccant; that re- 
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tained over H2SO,, conc., is more. With respect to Mg(ClO,)2(anhyd.), 
the water vapor pressure maintained by this desiccant is certainly far 
less than the upper limit given in Table 5. The data in Table 4, together 
with the data given on page 286, indicate that the relative vapor pres- 
sure is well below 24 x 10°, the vapor pressure of water at dry ice 
temperature (-78 C) relative to “‘saturation pressure” at 25 C. 


Data on the vapor pressure over Mg(C1l0,4)2.2H2O are not available 
in the literature. However, the data on page 286, indicate that it is 
about 24-millionths of the “‘saturation pressure.”’ 


A method of drying more commonly used than the isothermal pro- 
cedures just discussed is that of oven-drying at a temperature at or 
slightly above the normal boiling point of water. To compare the degree 
of desiccation obtained from such oven-drying with that obtained iso- 
thermally over Mg(ClO,4)2.2H2O+ Mg(Cl0,4)2.4H.O, four samples that had 
previously been dried by the latter procedure were placed in an oven 
at 105 C and allowed to come to constant weight. The results are 
shown in Table 6.* 


TABLE 6 


Loss in weight in oven—% of non- 
evaporable water content as 


No. found by isothermal drying over 
of Mg(ClO4)2.2H2O + 
Sample Mg(ClO4)2.4H20 
16213 10 
16214 11 
16198 10 
15669 13 


Stability of hydrates 

The figures given in the foregoing paragraphs indicate the “degree 
of dryness’”’ produced by the method adopted for this investigation in 
terms of the amount of water retained by the paste and the relative 
vapor pressure of this residual water, called non-evaporable water. An 
attempt will now be made to indicate the amount of water retained by 
the hydrated compounds of portland cement when dried by this pro- 
cedure. 


The microscope reveals that both microcrystalline and colloidal ma- 
terials occur in hardened paste, the colloidal material appearing as an 
amorphous mass enclosing microcrystalline Ca(OH): and unhydrated 
residues of the original cement grains. Any such microcrystalline hy- 


*In this test no attempt was made to control the water vapor pressure in the oven. This is the incorrect 
procedure that has frequently been used in studies of this kind. 
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drate will remain unaltered during the process of drying if its dissocia- 
tion pressure is lower than the vapor pressure maintained by the drying 
agent. If the dissociation pressure of the hydrate is higher than the vapor 
pressure maintained by the drying agent, dehydration is possible but 
not certain; only direct trial will tell whether it will occur under the con- 
ditions of the experiment. Under suitable experimental conditions, the 
hydrate will lose one or more gram-molecular weights of water per mole 
of hydrate without appreciable change in vapor pressure, the amount 
lost being determined by the nature of the hydrate. 


As was shown in Part 1, the water content of colloidal hydrates bears 
no small-whole-number, molar ratio to the anhydrous material (except 
perhaps by chance) and none of it can be removed without a corre- 
sponding change in the equilibrium water vapor pressure. That is, the 
water content of a colloidal hydrate varies continuously with changes 
in ambient conditions. The colloidal material in hardened cement pastes 
predominates over non-colloidal constituents to such a degree that the 
dehydration process shows only the characteristics associated with 
colloidal material and therefore the dehydration curves do not indicate 
directly the extent to which the microcrystalline material becomes 
decomposed. 


The extent to which the hydrates of the major compounds of portland 
cement are dehydrated under the drying conditions described can be 
estimated from the data given in Table 7. The data pertain to products 
obtained by hydrating the compounds separately. The first eight lines 
of data show the amounts of water retained by C;S (under the drying 
conditions described) after various periods of hydration. They show 
that the amount is greater the longer the period of hydration. However, 
a maximum would be expected, though it is not clearly indicated by 
these data. 


As brought out in Part 1, the figures given in Table 7 should be re- 
garded as single points on smooth isobars and therefore have no unique 
significance. Had the temperature of drying been higher, the amount of 
water retained at any given age would have been less, and vice versa. 
On the other hand, if the hydration products were microcrystalline hy- 
drates, each hydrate would probably be stable over a considerable 
temperature range, with pressure constant, or over a pressure range with 
temperature constant. 


The alumina-bearing compounds that occur in portland cement 
clinker, when hydrated separately, produce microcrystalline hydrates 
having definite amounts of water of crystallization. A list of several 
compounds is given in Table 8, together with information as to their 
stability in the presence of Mg(C104)o.2H20, CaO, or P20;. 
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TABLE 7—FIXED WATER IN HYDRATED C.S AND C;S AS REPORTED 
BY SEVERAL INVESTIGATORS 


| ts , — 
“Fixed water’ at age indicated, 
Nominal | grams per gram of 








Com- w/c | original anhydrous 1 materi: al 

pound | by |———— “| —_— — ———. 
wt. | 3 day 8 7 deve 28 days 6mo. | lyear | 3 years 

Cys | 0.35 | 0.103 — | one | 62 50 | 0.190 aa 

CS 0.40 | 0.198 ~- ~~ - | 0.213 — 

CS 0.78 - — — — | — 0.31 

C,S4 0.33 — 0.103 | 0.143 0.207 | — -= 

a | 0.45 - 0.102 | 0.147 | 0.224 | — a 

. | 0.60 —_ 0.104 0.150 0.238 -—— — 

* 1.00 — 0.110 | 0.161 0.254 - — 
CS* | 0.30 | 0.0138 — 0.034 | 0.108 | 0.122 — 
CS? | 0.40 0.019 -— 0.043 — | 0.138 — 
Cy | 0.33 — — — — _— 0.09 
CS4 | 0.33 — | 0.020 0.036 0.134 - - 

“_ 0.45 | — 0.020 0.0382 | 0.142 

0.60 — | 0.016 0.025 | 0.120 - 

as: 1.00 | - 0.017 0.026 0.130 + 

I 
i 
am R. H. Bogue and Wm. ‘tes h, I PC ‘AF Pape r, : Wa. a7. 

The specimens were cured in vials with excess water present. Material ground to pass 100 mesh, 90 

percent to pass 200. ‘‘Fixed water”’ is the loss on heating at 1000 C from samples pulverized and 

dried in an oven at 105 C with no control of the water vapor pressure in the oven. 
b — R.H. Bogue, Effects of Phase Composition on the Volume Stability of Portland Cement, PCAF (1940) 


(mimeographed) 
“he specimens were ¢ ured in vials with no extra water. The material was ‘‘ground to approximately 
2200 cm?/gm."’ ‘Fixed water’’ as in a. 
e — This laboratory 
The specimens were molded and cured in extraction-thimbles surrounded with water. The silicates 
were each ground to give 85 percent ps assing the No. 200 sieve, but the trisilicate was nevertheless 
the finer. p/psat equilibrium was about 0.5 x 104, The amount of water was determined:by heating at 
1000 C. 
d — F. P. Lasseter, Chemical Reactions in the Setting of Portland Cement—Dissertation, Columbia 
University, 1939. 
The specimens were cured in vials with extra water present. Samples of -100 mesh material were dried 
3 hr. at 105 C in “dry CO>:-free air. 
The first compound listed, the high-sulfate form of calcium sulfoalu- 
b] 
minate, may occur in hardened paste to the extent that gypsum is 
present for its formation (assuming an excess of C34). The data indicate 
that all but 9 of the 32 molecules of water of crystallization may be lost. 
In an average cement containing 1.7 percent SOs, all of which reacted 
to form the calcium sulfoaluminate, the amount of hydrated sulfoalu- 
minate per gram of cement would be about 0.09 g. About 0.03 g of 
this would be lost on drying. 

The second item in Table 8 refers to the low sulfate form of calcium 
sulfoaluminate, a compound which probably does not form under the 
conditions prevailing in the hardening of the pastes used here. If it 
did occur, the data indicate that 2 of the 12 molecules of water of erys- 
tallization might be lost on drying over Mg(C10,4)o.2H.0. 

The hexahydrate of C;A evidently would not be dehydrated by 
Mg(ClO,)2.2H.O. The 12-hbydrate of C3;A is reduced to about the 8- 
hydrate on drying over Mg(Cl0,)2.2H20. C,A.12H,.0 is not dehydrated 


by the conditions used for this study. 
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TABLE 8 


Number of molecules of water retained 
in the presence of the desiccant indicated 
Compound — en 


Mag(Cl04)2.2H20 | CaO | POs 
0;A.3CaS0O,4.32H20 Q(4) R(°) 7.5(¢4) 
0;A.CaSO4.12H.O 10(¢) 8 (erd) 
C;A.6H2O (cubic) _ 6(°) 

C;A.12H2O (hex) &(¢) 
C,A.12H.O el 12(/) 


ae This ishoratery. 

b — Jones: Symposium on the Chemistry of Cements (Stockholm, 1938), p. 237. 
e—Forsen: Zement v. 19, pp. 1130, 1255 (1930); v. 22, pp. 73, 87, 100 (1933). 

d— Mylius: Acta Acad. Aboensis v. 7, p. 3 (1933); see b. 

e — Thorvaldson, Grace & Vigfusson: Can. J. Res. v. 1, p. 201 (1929). 

{ — Assarsson: Symposium on the Chemistry of Cements (Stockholm, 1938), p. 213. 

It thus appears that of the various microcrystalline hydrates that 
can be formed from the constituents of portland cement only the calcium 
sulfoaluminate would be decomposed to an appreciable extent; it would 
lose 72 percent of its water of crystallization. After a long period of 
hydration, the water held by the hydration products of C3;S and C.S 
amounts to 20 to 30 percent and 10 to 14 percent of the weight of the 
original material, respectively. 

Before this subject is closed it should be said that the occurrence of 
the microcrystalline hydrates of C3A in hardened paste, particulary C;A.- 
6H,0, is very doubtful. Several observations indicate this. One is the 
fact that drying-shrinkage is greater for cements of high C;A content. 
This cannot be explained on the basis that C3;A combines with water to 
form the hexahydrate C;A.6H.0, since that crystal does not lose water 
under the conditions of ordinary shrinkage tests. 


DETERMINATION OF TOTAL EVAPORABLE WATER 


The water that a sample is capable of holding in addition to the non- 
evaporable water is called the evaporable water, as defined before. The 
procedure for determining the evaporable water content of granulated 
samples is as follows: About 5 grams of the sample to be saturated is 
placed in a 50-ml Erlenmeyer flask fitted with a special stopper that 
permits either the introduction of water from a burette or a stream of 
dried air free from CO,. At the start, water is slowly dropped onto the 
sample from the burette until the sample, upon being shaken, gathers 
into a lump and clings to the flask. Dry air is then passed over the 
sample while it is vigorously shaken by hand. After 2 minutes of this 
treatment, the flow of air is stopped and the shaking of the flask is 
continued. If the sample persists in gathering into a lump, the drying 
is continued for 2 more minutes. This procedure is continued until the 
particles just fail to cling to each other and to the flask. The total water 
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TABLE 9—DATA ON TOTAL WATER CONTENT OF SATURATED SAMPLES 
Series 254-MRB 


Total water at test, w:/c 


Age 
Cement at We Granules Wn 
No. test, Original 

days c specimen SSD 1 SSD 2 | SSDO c 

1 2 3 1 5 6 7 8 
14900 126 0.45 0.526 0.508 0.515 0.527 (). 227 
14901 126 0.39 0.498 0.491 0.493 0.5038 0, 223 
14902 133 0.39 0.515 0.501 0.495 0.511 0). 227 
14903 133 0.42 0.527 0.511 0.516 0.526 0.227 
14904 162 0.42 0.489 0.490 0.481 0.499 (). 228 
14905 162 0.41 0.493 0.490 0.482 0.502 0.230 
14906 173 0.48 0.551 0.550 0.541 0.567 0.236 
14907 173 ‘ 0.41 0.464 0.461 0.458 0.474 0.219 
14908 200 0.39 0.487 0.479 0.475 0). 492 0). 225 
14909 200 0.48 0.562 0.548 0.546 0.572 0. 226 
14910 204 0.46 0.521 0.513 0.510 0.535 (). 228 
14911 204 0.46 0.536 0.526 0.521 0.546 (). 229 
14912 212 0.49 0.551 0.547 0.541 0.568 0.225 
14913 212 0.41 0.478 0.477 0.476 0.493 0.221 
14914 222 0.42 0.495 0.487 0.499 0.225 
14915 222 0.44 0.518 0.520 0.517 0.530 0). 224 
Average 0.513 0.506 0.504 0.523 0, 226 


SSD = Saturated, surface-dry. 

SSD1 Granulated sample (100-48 mesh) dried in vacuo over (MgCl04)2.2H20 and then resaturated in 
the presence of air 

SSD2 = Granulated sample dried in the same way as SSD/, and resaturated in a vacuurn 

SSDO = Granulated sample of original, undried material brought to the SSD condition by adding water in 
the presence of air 

wn/e = Non-evaporable water, g per g of cement. 

wWo/e » Original water-cement ratio by wt., corrected for bleeding 

wi/c « Total water-cement ratio at time of test 


held by the sample in this condition, minus the non-evaporable water, 
is the total evaporable water as defined above. 


Data from 40 such determinations showed that the average difference 
in the values obtained in duplicate determinations by a given operator 
was 0.36 percent of the dry weight. In three cases out of 40, the difference 
in values was more than | percent. Other experiments showed that the 
results obtained by two operators working independently did not differ 
more than did duplicate determinations made by a given operator. 


The procedure just described permits water to enter previously dried 
granules from all sides simultaneously. Since the dried grains are known 
to contain a considerable amount of adsorbed air, the question arises 
as to how completely the air is displaced by the water. To answer this 
question, some dried samples were evacuated, so as to remove most of 
the adsorbed air, and then the water for saturation was introduced in the 
absence of air. Companion samples were treated in the presence of air in 
the usual manner. 
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TABLE 10—DATA ON TOTAL WATER CONTENT OF SATURATED SAMPLES 
Series 254-K4B 


Total water at test, w/c 


Age ==>; —-—--- 

Ref. at Wo Granules Wn 

No. test, Original | -- —_ 

days c specimen | SSD SSDO c 

l 2 3 4 5 6 7 
1-S L8O 0.470 | 0.556 | 0.543 0.557 0.223 
1-P 180 0.473 0.577 0.559 0.576 0.233 
1-Q "180 0.425 0.521 0.502 0.515 0.229 
4-8 144 0.463 | 0.522 | 0.510 | 0.525 0.179 
4-P 138 0.460 0.548 | 0.512 0.535 0.177 
4-() 138 0.450 0.518 | 0.495 0.515 0.177 
5-5 150 0.427 0.502 0.498 0.510 0.165 
5-P 146 0.453 0.542 0.509 0.519 0.159 
5-Q 150 0.456 0.533 0.514 0.527 0.165 
6-5 196 0.471 0.529 0.508 0.530 0.215 
6-Q 191 0.447 0.532 0,512 0.536 0.222 
7-P 164 0.473 0.570 0.556 0.575 0.240 
7-Q 171 0.480 0.548 0.549 | 0.564 0.239 
11-P 164 0.445 0.521 0.516 0.532 0.186 
11-Q 172 0.440 0.515 0.509 | 0.516 0.190 
15-S 202 0.485 0.558 0.536 0.561 0.217 
15-Q 202 0.445 0.555 0.529 0.544 0, 220 
16-P 223 0.464 0.540 0.525 0.541 0), 226 
16-Q 223 0.456 0.516 0.502 | 0,520 0. 225 
20-S 170 0.472 0.549 0.543 | 0.554 0,231 
20-P 167 0.462 0.551 0.542 | 0.555 0,233 
20-Q 176 0.436 0.520 0.508 | 0.519 0. 226 
Average 0.455 | 0.537 0.520 0.540 0. 208 

SSD Saturated, surface-dry. 


SSDO Granulated sample of original, undried material brought to the SSD condition by adding water.in 
the presence of air 


Wa/e Non-evaporable water, « per g of cement 
Wo/c Original water-cement ratio by wt., corrected for bleeding 
wi/e Total water-cement ratio at time of test 


Results are given in columns 5 and 6 of Table 9. (Table 9 gives also 
other data confirming those in ‘Table 10. The averages 0.506 and 0.504 
for the ordinary and vacuum procedures, respectively, show that the 
air has no appreciable influence on the results. 


DISCUSSION OF GRANULAR SAMPLES 
Since most of the experiments to be described were made with granular 
samples of the original specimens, it is necessary to consider the extent 
to which the granules differ from the original material. 
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Neat cement——effect of granulation on porosity 

Table 10 gives water content data for a group of neat cement specimens 
and the granular samples prepared from them. The original specimens 
were 1x7-in. neat cement cylinders that had been stored under water 
for the periods shown in column 2. During the curing period, they 
gained in weight, the average gain being 0.082 gram per gram of cement 
(0.537-0.455). 

From each specimen one granular sample (100-48 mesh) was prepared 
and then saturated by adding excess water to the granules. The excess 
was evaporated until the saturated surface-dry condition was reached, 
The results are given in column 6. A comparison of columns 4 and 6 will 
show that if the difference shown is significant, we may conclude that 
the saturated granules held slightly more water than the original speci- 
men did at time of test. This indication is somewhat more definite in 
Table 9. Compare columns 4 and 7. This proves that in specimens of 
this kind the small granules have very nearly the same porosity as the 
original specimen, and it indicates that even though the original speci- 
mens were stored continuously under water, they did not remain fully 
saturated. This indication was supported by the dry appearance of the 
freshly crushed cylinders. 

Neat cement—effect of drying on porosity of granules 

Other samples of each specimen were dried over Mg(ClO,4)..2//.0 and 
then brought to the saturated surface-dry condition. The results, given 
in column 5 of Table 9, should be compared with those in column 6. 
Also in Table 9 compare columns 5 and 6 with column 7. The average 
water content of the dried and resaturated granules is about 96 percent 
of that of the saturated granule that had not been dried. 

This shows that the drying of the granules produced a permanent 
shrinkage that reduced the porosity of the granules below that of the 
paste in the original specimen. In samples of this kind (moderately low 
w/c, well cured) the effect is small. In specimens of higher w/e and 
lesser degree of hydration, the effect should be larger. 

Mortar specimens—effect of granulation on porosity of paste 

The mortar specimens used in these studies were made with non- 
absorptive, quartz sand. Consequently, all water originally in the 
specimen (after bleeding) as well as that absorbed during curing is held 
in the paste, and data showing differences between the total water con- 
tents of the original specimens and that of the granular samples represent 
differences in the degree of saturation, or in the porosity, of the hardened 
paste, just as they do with neat specimens. 

Data of this kind were obtained from mortar cubes for specimens 
of different ages and different water-cement ratios. Typical results are 
givenin Fig. 2-1, Aand B. 
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The cement represented in A is a slow hardening type; that in B is 
normal. 

In each diagram the circled dots represent the total water content of 
the original specimen; the crosses, the total water content of the dried- 
and-resaturated granules; and the triangles, the granules that were 
saturated without preliminary drying. 

It is apparent that for specimens cured 28 days or more, the relation- 
ships a » about as were found for the neat pastes described above. How- 
ever, at earlier ages, especially for the slow hardening cement, the 
granules show less porosity than the pastes of the original specimens, 
the difference being greater, the higher the original water-cement ratio. 

These results seem to indicate that during the early stages of hydra- 
tion the paste contains voids nearly as large as the granules of the samples 
and that as hydration proceeds, these larger voids disappear. 

On the whole, these results show that the porosity of a granular sample 
is about the same as that of the pastes in the original specimen except for 
specimens having pastes of very high porosity. A granular sample that 
has been dried has a smaller total pore volume than the original paste. 
From other data it is known that this effect, in well cured specimens, 
diminishes with decrease in the original water-cement ratio and probably 
becomes negligible at about w,/c 0.3 by weight. 


METHODS OF STUDYING THE EVAPORABLE WATER 


As shown by the earlier work reviewed in Part 1, when a specimen 
of hardened paste at room temperature is exposed to water vapor or to 
air containing water vapor, its water content spontaneously changes 
until equilibrium between the water held in the specimen and the out- 
side water vapor is established. The establishment of equilibrium in- 
volves a change in moisture content of the sample, for the nature of the 
hardened paste is such that at a given temperature the relationship be- 
tween vapor pressure of the water in the hardened specimen and the 
water content is represented by a smooth curve. Moreover, the nature 
of the paste is such that a specimen can remain saturated only when it 
is in contact with saturated water vapor or with liquid water. 

Much of the work to be reported here consisted in determining the 
relationships between the evaporable water content and the vapor 
pressure for various samples of hardened cement paste. The taking up 
of moisture from the atmosphere will be referred to as adsorption, and 
the reverse will be called desorption, even though other processes might 
be involved. ‘The plotted results will be called adsorption and desorption 
isotherms, respectively. When speaking of both processes collectively 
or of the processes in general without specifying the direction of moisture 
change, the term sorption will be used. 
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THE APPARATUS FOR SORPTION MEASUREMENTS 

Two types of apparatus were used for sorption measurements. In 
one the samples were exposed to water vapor only and in the other the 
samples were exposed to CO,-free air containing controlled amounts of 
water vapor. The first is referred to as the high-vacuum apparatus and 
the second as the air-stream apparatus. 

High-vacuum apparatus 

The high-vacuum apparatus used for these studies is illustrated 
schematically in Fig. 2-2. As shown, two samples may be kept under 
test simultaneously. The samples may be either small granules or thin 
wafers. If granules, they are contained in small buckets made of plat- 
inum foil which are suspended on helical springs made of quartz in the 
two chambers marked C. If the samples are wafers, they are suspended 
from the springs by platinum hooks. 

After the air has been pumped out, water vapor of known pressure 
is admitted to chamber C. The pressure of the vapor is indicated di- 
rectly by the oil in manometer D. The arrangement is such that during 
the adsorption process the sample is never subjected to a higher vapor 
pressure than that with which it will finally be in equilibrium. This 
is an important feature of the method, for experience has shown that. if 
the ambient vapor pressure is allowed to change as the samples approach 
equilibrium, the equilibrium-weight is different from what it would 
have been had the vapor pressure been maintained constant. This is 
due to the phenomenon of hysteresis, discussed later on. 

The changes in weight of the sample are observed by measuring the 
changes in length of the quartz springs by means of a cathetometer. 
The spring-cathetometer combination has a sensitivity of about 0.2 mg. 
With a live load of about 400 mg this gives adequate accuracy. 

The water vapor pressure is generated by the water (or ice) in bulb A 
or bulb B. Bulb B is used for the lowest pressure of the range employed 
which is that of water at the temperature of dry ice wetted with alcohol, 
-78C. Forall higher vapor pressures cock 2 is closed and 1 is open, thus 
utilizing bulb A. The temperature of the water (or ice) in A is con- 
trolled by a cryostat, which is maintained at any desired temperature 
down to -25 C within about + 0.05 C. 

For the highest pressure used, a small amount of water is distilled 
from A into the bottom of C and stopcock 1 is then closed. By main- 
taining the temperature of the tube outside the 25 C air-bath above 25 C, 
the water vapor pressure in C is, theoretically, maintained at 23.756 mm 
of Hg, the saturation pressure of water at 25 C. Accurate measurements 
at this vapor pressure, or at any vapor pressure above about 95 percent 
of the saturation pressure, cannot be obtained by this method because of 
condensation on the springs. 
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Fig. 2-3—General view of apparatus 


Between cocks 3 and 4 a Pirani-type vacuum gage is attached so as 
to indicate the pressure on the ‘‘zero”’ side of the manometer. This is to 
make certain that the readings on the manometer are not vitiated by slow 
leaks on the zero side. 

To check against leaks on the other “‘pressure’’ side of stopcock 3, 
the temperature of the bath surrounding A is measured by means of an 
eight-junction thermocouple and a type-K potentiometer. The vapor 
pressure of the ice or water in bulb A can then be ascertained from 
handbook data. Any discrepancies between the pressure shown at D 
and the pressure indicated by the temperature at A that are greater 
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than the inaccuracy of measurement would be indicative of pressure 
from gas other than water vapor. 

A general view of the apparatus is given in Fig. 2-3. The cabinet 
in the foreground contains the controlled bath for bulb A. The large 
cabinet in the middle background is the 25 C air-bath. This cabinet is 
the same as that used for the air-stream apparatus to be described below. 
It can be used for both methods simultaneously, although that has not 
been done as yet. 

The cabinet in the foreground is the cryostat. It contains a cylindrical 
vessel of about 10-gallon capacity filled with alcohol. This is cooled by 
the refrigeration unit mounted under the cabinet. A one-gallon container 
is mounted, submerged to its upper rim, in this alcohol bath. The con- 
tainer is a double-walled glass vessel with air between the walls. It 
contains the alcohol in which bulb A, Fig. 2-2, is immersed. By means 
of an electrical heater and thermoregulator, the temperature of this one- 
gallon bath is maintained at whatever level is desired. The thermoregu- 
lator is a laboratory-made, toluene-mercury type. It operates through 
an electronic switch and Mercoid relay. 

The air in the large cabinet is kept in rapid circulation by means of 
two electric fans and two air-driven windshield fans. The cabinet is 
cooled by continuously circulating cold alcohol through a copper coil 
inside the cabinet. The circulated alcohol is cooled by means of another 
coil dipping into the outer alcohol bath of the cryostat described in the 
foregoing paragraph.* The cabinet is heated by an electric heater (about 
200 watts). The input to the electric heater is controlled by a laboratory- 
made, toluene-mercury thermoregulator that operates through an elec- 
tronic switch and Mercoid relay. The sensitivity of the regulator is 
about 0.005 C. The variation in temperature at any given point does 
not exceed 0.01 C, and the average temperatures at different points do 
not differ more than 0.02 C. 

Air-stream apparatus 

The air-stream apparatus is built in and around the large cabinet just 
described. It was designed to deliver 11 streams of air simultaneously, 
each stream having a different water content and hence different water 
vapor pressure. The following description pertaining to one of the air 
streams is applicable also to the rest. 

The air to be conditioned is taken from the compressed air supply 
of the laboratory. The air pressure is reduced to 3 lb. per sq. in. by 
means of two diaphragm-type pressure-reduction valves connected in 
series. The low-pressure air is then delivered to a train of one-gallon 
bottles such as is illustrated in the lower part of Fig. 2-4. The first bottle 


*This arrangement is used at present. For most of the period covered by this paper cold tap water from 
the building supply was used, but this often failed its purpose during the summer. 








es 


ET RET 





272 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE November 1946 


Fig. 2-4—Schematic diagram of one of 
the air conditioning trains for adsorption 
tests 




















contains water, and the next two sodium hydroxide solutions. The 
water bottle at the head of the train prevents the formation of sodium 
carbonate in the inlet tube of the caustic-soda bottles. Next in line is 
an empty bottle for safety and this is followed by a bottle of concen- 
trated sulfuric acid (specific gravity 1.84) to dry the air. The dry air is 
then delivered to a tower of Ascarite to remove any traces of carbon 
dioxide that might have escaped the caustic-soda solutions. The air 
stream then passes through a 3-gallon bottle containing dilute sulfuric 
acid. The output of this bottle is divided into two streams, one of which 
is shown in Fig. 2-4. The strength of the acid in the large bottle just 
mentioned is so regulated that it gives the air passing through it a water 
content somewhat below that desired for either of the two streams taken 
from the bottle. This slightly-too-dry air then is piped into the constant 
temperature cabinet where it circulates, first through a length of copper 
tubing to permit the temperature to reach 25 C and then through two 
towers of sulfuric acid connected in series as shown in the upper part of 
Fig. 2-4. The second stream taken from the bottle is led similarly to 
another pair of acid-towers, regulated to give a different vapor pressure. 
The strength of the acid in the towers is carefully regulated to have 
exactly the vapor pressure desired in the outgoing stream of air. To 
insure equilibrium between the stream of air and the acid the air is 
dispersed as fine bubbles by means of porous plugs fastened to the ends 
of the inlet tubes. (These porous plugs were made in the laboratory by 
sintering granulated glass in a crucible.) To remove entrained droplets 
of acid, each tower is equipped with a glass-wool filter as shown. 

The outgoing stream of air is led through rubber connections to an 
Erlenmeyer flask containing the sample under test. As the air passes 
the dry granules, they absorb some of the water vapor. This continues 
until the vapor pressure of the water in the sample becomes equal to 
that of the water vapor in the air stream. 
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Two samples are run simultaneously by connecting sample-flasks 
in tandem as shown. The outgoing stream of air from the second flask 
bubbles through a mineral oil contained in a 6-0z. bottle and then escapes 
to the interior of the cabinet. The mineral-oil trap prevents back- 
diffusion of moisture and carbon dioxide from the air in the cabinet to 
the sample. 

Eleven such pairs of sample-bottles in the cabinet make it possible to 
obtain simultaneously 11 points on the adsorption curves for each of 
two materials. 

Because the air delivered to the acid towers inside the cabinet is in 
each case slightly drier than the output from the towers, the level of 
the acid in the towers gradually subsides during the continuous flow of 
the air streams. About once a month it is necessary to replenish the 
towers by adding distilled water. This is done by means of glass tubes 
(not shown in sketch) leading from the stoppers in the tops of the acid 
towers through the top of the cabinet. Similarly, the acid in the large 
bottles outside (under) the cabinet and the caustic-soda solutions are 
renewed about once a month. 

During the development period, the water content of each air stream 
was measured by passing a measured volume of the air through weigh- 
ing tubes filled with P,O;. The relative vapor pressure of each stream 
was then computed from the law for perfect gases. A number of such 
measurements showed that the water vapor pressure in the air streams 
differed from that which could be computed from the strength of the 
acid by less than 0.025 mm of mercury or a difference in p/p,* of less than 
0.001. When this was learned, the air streams were considered always 
to be at equilibrium with the acids in the towers. 

The sample flasks were removed from the cabinet once daily and 
weighed on a chemical balance, care being taken to minimize the ex- 
posure of the granules. A typical record of the results of such weighings 
is shown in Fig. 2-5. This diagram shows that for those samples exposed 
to water vapor of relatively low pressure the weights reached a maximum 
and thereafter declined. At vapor pressures of 0.8 p, or higher the weight 
either remained constant after one or two days or else continued to in- 
crease steadily, though very slightly, with time, this tendency being more 
pronounced the higher the vapor pressure. The increase in weight just 
mentioned is believed to be due to hydration of fresh surfaces of clinker 
residues exposed on crushing the original sample. 

The behavior of the specimens exposed to the drier atmospheres is not 
understood. The phenomenon was not observed when using the high- 
vacuum apparatus. From this it may be inferred that the presence of air 





*p = vapor pressure of air steam 
Pe ™ saturation vapor pressure of water 
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Fig. 2 £ he pro relationship between gain 
Bins |= 096 in weight and period of exposure 


Gain in Weight - rer cent of dry weight 


' > 
Period of Exposure to Air-Stream —Days 





may have something to do with the result. However, as will be shown 
later, the major aspects of the results obtained in the presence of air 
are essentially the same as those obtained in the absence of air. 

Inasmuch as the decrease in weight shown by the lower curves in 
Fig. 2-5 continued for as long as two weeks, it was decided to use maxi- 
mum rather than final weights. There was some question as to whether 
the final weight was any more significant than the maximum weight; 
also, since the decline from the maximum represented but a small per- 
centage of the total gain, it did not seem justifiable to retard the experi- 
mental work to the extent necessary to get final weights. 


Reproducibility of results 

The reproducibility of the data obtained in the manner just described 
is illustrated in Table 11. These are results from two sets of samples 
made from the same specimen, each set being tested independently. 
The corresponding figures are in very good agreement except at the two 
highest pressures. Such differences were commonly observed and were 
probably due to different degrees of proximity to equilibrium. 

Comparisons such as those that are given in Table 11 were made at 
other times during the course of these experiments, with similar results. 
Nevertheless, there is reason to believe that in some groups of tests the 
variability was considerably greater than would be expected from such 
data as those presented above. Possibly such variations are due not s0 
much to variations in the adsorption measurements themselves as to 
variations in auxiliary tests as when the samples contained pulverized 
silica and therefore required a chemical analysis for the estimation of 
cement content. The discrepancies that will be noted among the various 
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TABLE 11—REPRODUCIBILITY OF THE ISOTHERMS 
Cement: 16189 

Initial w/e: 0.50 

Curing: 6 weeks in water 


Total water-content of sample 


Relative vapor indicated, % by weight of cement 
pressure $< 
p/ ps A B 
0.0 (non-evap. H.0) 15.47 15.42 
0.08 17.98 18.03 
0.16 18.87 18.94 
0.32 20.10 20.28 
0.39 20.82 20.98 
0.46 21.44 21.65 
0.53 22.02 22.09 
0.60 22.82 22.90 
0.70 24.82 24.76 
0.81 27.52 27.53 
0.88 30.43 29.69 
0.96 35.31 34.60 


data yet to be presented are often such as would result from errors in the 
determination of the cement content of the sample. The data obtained 
from samples of neat cement were less erratic. 

Use of ordinary desiccators 

In some auxiliary work, neither the air-stream nor high-vacuum 
apparatus was used. Instead, samples were placed in ordinary air-filled 
desiccators in the presence of a suitable desiccating agent. The samples 
were weighed from time to time until the results indicated equilibrium 
to have been reached. 

Theoretically, the results obtained in this way should, in most respects; 
be the same as those obtained by the methods already described. Actu- 
ally, the results from the samples dried in desiccators did not agree very 
well with the results obtained by the other two methods. The cause of 
the discrepancy is not known. It was observed, however, that the rate 
of absorption in an air-filled desiccator is very much less than that in 
vacuum or air stream. This suggests the possibility that the exposure of 
samples was terminated too soon, that is, that they did not approach 
equilibrium as closely in the air-filled desiccators as they did when 
tested by either of the other two methods. Another possibility is that, 
owing to the longer exposure and to the continued presence of air, samples 
tested in desiccators might have become carbonated sufficiently to in- 
fluence the final results. At any rate this method is not recommended. 


RESULTS OF THE SORPTION MEASUREMENTS—EMPIRICAL ASPECTS 


OF THE DATA 
General features 


Fig. 2-6 and Tables 12 to 17 record a run made with the high-vacuum 
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apparatus illustrated in Fig. 2-2. In this case the sample was a very 
thin wafer of hardened neat cement paste described in Table 12, w,/c Re 
0.5 by weight. In its initial, saturated state it weighed 380.5 mg, as 
indicated by the uppermost point in Fig. 2-6. After the sample was in- 
stalled, the air was pumped out of the apparatus. The initial pumping 
period was made brief to avoid overdrying the sample. The object 
was to remove the air from the chamber without removing water from 
the sample, if possible. To maintain the water vapor pressure as high 
as possible during the pumping a small amount of water was introduced 
into the sample chamber before the pumping began. ‘The desired result 
was not obtained; the pump removed the water vapor so rapidly that 
nearly half the evaporable water in the sample was removed during only 
6 minutes of pumping. 

As soon as the initial pumping was finished, the sample was subjected 
to a vapor pressure of 0.94 p,. Owing to the losses suffered during the 
initial pumping, the sample gained in weight at this pressure until it 
reached equilibrium at a weight of 374.4 mg. Then the pressure was 
lowered step by step and the rest of the points appearing on the desorp- 
tion curve were obtained. At the final weight, 309.8 mg, the sample 
was at equilibrium with the vapor pressure of the ice at -78 C, the tem- 
perature of dry ice. 

As soon as the evaporable water had been removed, the vacuum pumps 
were operated for many hours so as to remove as much air from the 
system as possible. Then the vapor pressure was increased stepwise, 
thus establishing the adsorption curve shown. 

As shown in Fig. 2-6, the adsorption and desorption curves coincided 
only at pressures below 0.1 p,. (As a matter of fact, it is not certain 
that the curves coincided over this range, but it seems probable that they 
did so.) Studies of other materials show that in the range of pressures 
where the curves form a loop, innumerable curves within the loop can 
be produced under suitable experimental conditions. If the process of 
adsorption or desorption is reversed at any point short of the horizontal 
extremes of the loop, the part of the curve that had previously been gen- 
erated will not be retraced but instead the points will cut across the 
loop. If at any stage of adsorption in this range the process is reversed, 
the resulting downward curve will cross over from the adsorption to the 
desorption curve. If the desorption curve is reversed, then a new rising 
curve will cross over toward the adsorption curve, but instead of joining 
the adsorption curve the new curve will rise more or less parallel to the 
adsorption curve, the loop being closed only at the saturation point. 
Thus, it is possible to obtain points representing thermodynamic equilib- 
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Fig. 2-6A (upper left}—Data from 
Tables 12 and 13 


Fig. 2-6B (upper right)—Data from 
Tables 14 and 15 on 
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rlum* between the evaporable water in the sample and the ambient 
water vapor amywhere between the desorption and adsorption curves. 





*Chemists tend to question whether or not these should be called equilibrium points. They feel that, like 
points representing chemical equilibrium, a given point should be attainable from either side. 

However, the requirement that a state of te must be approachable from either side with the 
same result does not properly apply to all physical equilibria. See o example the “ink bottle theory” of 
sorption hysteresis (Brunauer, p. 308). This theory shows that different amounts of water could be in 
equilibrium with the same vapor pressure. ‘This is not to say that the conditions pictured in developing 
the ink bottle theory actually exist in hardened paste. It merely refutes the idea that equilibrium between 
water content and vapor pressure requires that only one water content can be associated with a given vapor 
pressure. 

A paper by W. O. Smith (Sorption in an Ideal Soil, Soil Sci. v. 41, p. 200, (1936) ) is especially pertinent. 
He showed by geometrical analysis that in an assemblage of spheres holding water by capillary condensa- 
tion, different amounts of water can be in thermodynamic equilibrium with the same vapor pressure. 
Such equilibrium is reversible in the sense that the same surface curvature should be established at a given 
vapor pressure, regardless cf the direction of approach. See Part 3, Capillary Condensation, 
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TABLE 12—FIRST DESORPTION CURVE FOR SLAB PREPARED FROM 
CEMENT 13495 


High-vacuum apparatus 
Age 7 years, 116 days 
Original w/c = 0.50 by wt. 


Kvaporable water 
in the sample 
p/pe Wt. of ' 


(p, = 23.756 | sample, mg Iraction 
mm of Hq) mg of dry wt. 
of sample (= w) 

1.000 } 380.5 70.7 2485 
? 346.8 (a) 37.0 1194 
0.942 | 374.4 64.6 2085 
0.780 369.3 59.5 .1921 
0.663 363.1 53.3 . 1720 
0,509 355.8 46.0 . 1485 
0.351 346.1 36.3 1139 
0.250 336.5 26.7 OR62 
0.193 333.4 23.6 0762 
0.099 328 .0 18.2 O587 
0.000 300 8 00.0 0000 


(a) Weight after 6 minutes of pumping—vapor pressure unknown, 


TABLE 13—FIRST ADSORPTION DATA FOR SLAB PREPARED FROM 
CEMENT 13495 


High-vacuum apparatus 


| I vaporable water 
in the sample 


»/ Pa Wt. of 
(p. = 23.756 | sample, mg Fraction 
mm of Hg) | mg of dry wt. 
| of sample (= w) 

0.000 | 309.8 00.0 0000 
0.064 $26.7 16.9 0545 
0.155 320.8 20.0 O6AGB 
0, 193 330.7 20.0 0675 
0,249 332.1 22.3 0720 
0,350 335.1 25.3 OS17 
0.446 338.0 28.2 O9LO 
0.508 343.0 33.2 1072 
0.745 351.0 41.2 1330 
0.855 356.6 46.8 1511 
0.059 366.4 56.6 1827 
0.995 569.6 598 1930 


1.000 67.0 (est.)| 2162 (est.) 
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TABLE 14—SECOND DESORPTION CURVE FOR SLAB PREPARED FROM 


P/ Pe 
(ps 23.756 
mm of //g) 


0.995 
0.848 
0.504 
0.307 
(). 82* 
0.314 
0.104 
0. 128 
0.078 
0.004 
0.000 


CEMENT 13495 


High-vacuum apparatus 


I vaporable water 
in the sample 


Wt. of 
sample, meg Fraction 
mg of dry wt. 
of sample (= w) 
369.6 50.0 1565 
364.1 14.5 1392 
350.7 31.1 0973 
344.0 24.4 0763 
364.3 144.7 . 13899 
340.5 20.9 0654 
336.7 17.1 0535 
334.2 14.6 0457 
331.7 12.1 0379 
323.4 3.8 O119 
319.6 0.0 Q000 


*Temperature controls failed and caused unintentional rise in pressure 


TABLE 15—SECOND ADSORPTION CURVE FORSLAB PREPARED FROM 


p Pe 
(p, @ 23.756 
mm of //1q) 


0.000 
0.042 
0.112 
0). 220 
0.364 
0.450 
0.596 
0. 806 
1.00 (?) 


CEMENT 13495 


High-vacuum apparatus 


I vaporable water 
in the sample 


Wt. of 
sample, mg Fraction 
ng of dry wt. 
of sample (= w) 
319.6 0.0 OO000 
330.4 10.8 0338 
333.2 13.6 0426 
335.7 16.1 0504 
339.0 10.4 0607 
340.7 21.1 0660 
344.7 25.1 O785 
351.4 31.8 O05 
366.8 17.2 1477 
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° 
TABLE 16—THIRD DESORPTION OF SLAB PREPARED FROM CEMENT 13495 


High-vacuum apparatus 


Evaporable water 
in the sample 


»/ Do Wt. of 
(p, @ 23.756 sample, mg Fraction 
mm of Hg) mg of dry wt. 
of sample (= w) 

1.00 (?) 366.8 45.8 1427 
0). 807 360.8 39.8 . 1240 
0.624 352.0 3L.0 0966 
0.467 348.0 27.0 OS41 
0.370 345.3 24.3 .0757 
0,202 340.9 19.9 0620 
0.052 335.3 14.3 0445 
0,043 334.2 13.2 0411 
0.000 $21.0 00.0 0000 


TABLE 17—THIRD PARTIAL ADSORPTION AND PARTIAL DESORPTION DATA 
FROM SLAB PREPARED FROM CEMENT 13495 


High-vacuum apparatus 


vaporable water 
in the sample 


p/pPe Wt, of ' 

(py 23.756 sample, mg Fraction 

mim of Hg) mg of dry wt. 

of sample (= w) 

0,000 $21.0 0.0 OOOO 
0.052 332.3 11.3 0352 
0.004 333.2 12.2 0380 
0.178 335.4 14.4 0448 
0,321 338 ,7 17.7 O552 
0.405 340.1 19.1 O55 
0,326 339.2 18.2 0567 
0.146 336.5 15.5 0483 
0.049 333.6 12.6 OS02 


The lack of reversibility as described above is shown by materials of 
various kinds. 

Although the phenomenon has not been investigated extensively here, 
there is little reason to doubt that portland cement pastes all show 
essentially the behavior described above. This matter of hysteresis is 
significant and should be kept in mind in connection with the theoretical 
discussion that follows later in this paper. It is a principal reason for 
believing that ordinary laws of chemical reaction cannot be applied to 
the reactions involving the gain or loss of evaporable water 
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Besides the effects common to many materials, portland cement paste 
exhibits certain irreversible phenomena not found among some other 
types of materials. ‘This is shown in Fig. 2-6B, where the second de- 
sorption-and-adsorption curves of the sample are given, 

A break in the second desorption curve at p O.3905 Ds will be noted. 
After equilibrium at this pressure had been established, the cryostat 
was set to produce a lower pressure, but during the night the tempera- 
ture controls failed, the pressure rose to p 0.82 p, and the sample 
weight increased, giving the point indicated by the cross. (This point 
probably does not represent an equilibrium value, but is close to it.) 
When proper operation of the cryostat was restored, the point at p 
0.315 p, was obtained 

The light-line curves in Fig. 2-6B are those of Fig. 2-GA, shown for 
comparison. ‘The marked difference between the first and second cycles 
is believed to be due to two factors: One is the irreversible shrinkage 
(described in Part 1) that reduces the capacity of the sample for evapor- 
able water The other is the additional hydration of the cement in the 
sample that occurs while the sample is subjected to vapor pressures 
above about O.S p,. Although these samples had been stored in water for 
several years they seem to have contained unhydrated clinker that was 
exposed when the thin wafers were prepared 

No explanation for one feature of the irreversibility has been found, 
Note that on the first desorption the minimum weight reached was 
309.8 mg. On the second desorption the minimum weight was 319.6 meg 
Continued hydration has the effeet of increasing the minimum weight, 
but the increase shown here is much too great to be accounted for in this 
way. It is possible that the observed minimum weight for the first 
desorption was in error by several milligrams. However, the original 


data offer no clue as to the nature or cause of the error, if there was one, 


Mig. 2-6C shows the third desorption and a partial third adsorption 
curve, ‘The third desorption curve differs from both the first and second 
desorption curves, but the third adsorption is practically the same as the 
second adsorption, In fact, when the results are expressed as percentage 
of the minimum weight, the second and third adsorption curves are 
identical, ‘Tests on other samples show that after the first evele of drying 
and wetting the adsorption curves are reproducible, But the indications 
ofa limited amount of data are that the desorption curves are greatly 
influenced by small variations in experimental conditions and are diffi 
cult to reproduce exactly 


On the third desorption, Fig. 2-6C, after the weight corresponding 


to O4 p, had been established, the pressure was intentionally lowered 
stepwise with the result indicated by the graph. ‘This illustrates what 
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was said above about the irreversibility of this process in the range of 
pressures where the curves form a loop. Note that the points cut across 
the loop and join the desorption curve. This behavior is similar in char- 
acter to that obtained with other materials®. It should be noted, how- 
ever, that the vapor pressure at which the loop closes is much lower 
than that observed with other materials. Moreover, the loop closes at a 
much lower pressure than would be predicted from Cohan’s hypothesis“), 

The size and shape of the hysteresis loop, and the course of the curve 
when the process is reversed within the limits of the loop, are probably 
characteristic of the physical structure of the hardened paste“, At 
any rate the whole phenomenon cannot be understood until these loops 
can be adequately interpreted. However, practically all the measure- 
ments reported in this paper were of adsorption only. Therefore, the 
interpretation of the adsorption curve is the only part of the problem 
that can be considered here. 

Along with the measurements described above, measurements were 
made on the sample described in Table 18. This sample was prepared 
from a neat-cement cylinder that had been molded under high pressure 
with w/c only 0.12 by weight. 

The results are given in Tables 18 to 23 and in Fig. 2-7, all three 
cycles being shown on the same graph. The features pointed out in 
Fig. 2-6 can be seen here also, and others besides. Note that the effect 
of the reversal in pressure that occurred during the second desorption 
was somewhat different from that on the other specimen. Note also thatthe 
lower parts of the second and third desorption cycles are identical. The 
indication is that with a specimen as dense as this, the paste becomes 
“stabilized”’ after the first drying so that desorption as well as adsorption 
curves are reproducible, provided that the specimen is always saturated 
at the start. The differences among the desorption curves in the upper 
range are believed to be due to slight differences in the degree of satura- 
tion at the beginning of the desorption part of the cycle. 

Comparison of the results obtained with high-vacuum and air-stream apparatus 

Fig. 2-8 and Tables 24 and 25 give adsorption data for two granu- 
lated pastes, the data being obtained first with the air-stream apparatus 
and then, about three years later, with the high-vacuum apparatus. 
The granules had been sealed in glass ampoules during the three-year 
interval. The later tests were made on samples from the same lot of 
granules as the earlier ones, but not on the same samples as used in the 
first test. Thus, the curves obtained by each method were first-adsorp- 
tion curves. 

The granules had originally been dried by the regular procedure used in 
connection with the air-stream method, that is, over Dehydrite in a 
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TABLE 18—FIRST DESORPTION CURVE ON SLAB PREPARED FROM 
CEMENT 14675 


High-vacuum apparatus 
Age 4 years 29 days 
Original w/c = 0.12 by weight 
Molded under 24,000 Ib/in* pressure 


| | Evaporable water 
| in sample 
p/p. (= 2) Wt. of ee 
= 23.756 | sample, | Fraction of 








3 
mm of Hg) | mg } meg dry wt. of 
| | paste (=w) | 
_ | pees Peein , 
1.000 | 664.4 47.8 0.0775 Initial wt. sat’d 
? | 647.9 31.3 | 0.0508 Wt. after 6 min. pumping 
1.000 | 742.8 126.2 | 0.2046 Droplets condensed on sample 
0.942 | 656.4 | 39.8 | 0.0645 | 
0.780 |} 653.3 36.7 | 0.0595 | 
0.663 | 652.0 35.4 | 0.0574 | 
0.509 | 649.7 33.1 | 0.0537 
0.351 | 647.4 | 30.8 0.0500 
0.250 | 643.4 26.8 0.0435 
0.193 | 641.5 24.9 0.0404 | 
0.099 | 638.1 21.5 0.0349 
0.000 | 616.6 | 00.0 0.0000 


TABLE 19—FIRST ADSORPTION CURVE ON SLAB PREPARED FROM 
CEMENT 14675 


High-vacuum apparatus 


Evaporable water 
in sample 


p/p. (= 2) Wt. of 

(p, = 23.756 | sample, mg Fraction of 

mm of Hg) mg dry wt. of 

| paste (= w) 

0.000 616.6 00.0 | 0.0000 
0.064 627.6 11.0 0.0178 
0.155 629.9 13.3 0.0216 
0.193 | 630.2 13.6 0.0221 
0.249 | 631.5 14.9 0.0242 
0.350 632.7 16.1 0.0261 
0.446 634.0 17.4 0.0282 
0.598 638.7 22.1 0.0358 
0.745 642.5 25.9 0.0420 
0.855 645.8 29.2 0.0474 
0.959 653.8 37.2 0.0603 
1.000 664.4* 47.8 0.0775 


*Original weight. 
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TABLE 20—SECOND DESORPTION CURVE ON SLAB PREPARED FROM 
CEMENT 14675 


High-vacuum apparatus 


Evaporable water 
in sample 


p/ps (= 2) Wt. of 

(p. = 23.756 sample, mg Fraction of 

mm of Hg) mg dry wt. of 

paste ( w) 

1.000 (a) 685.1 68.5 0.1111 
0.957 656.4 39.8 0.0645 
0.848 653.8 32.2 0.0603 
0.594 648 .7 32.1 0.0521 
0.397 646.4 29.8 0.0483 
0.82 (b) 650.7 34.1 0.0553 
0.314 642.2 25.6 0.0415 
0.194 639.4 22.8 0.0370 
0.128 637.6 21.0 0.0341 
0.078 635.8 19.2 0.0311 
0.004 622.0 5.4 0. 0088 
0.000 616.6 0.0 0.0000 


(a) Water visible on sample. 
(b) Temperature controls failed and caused pressure to rise. 


TABLE 21—SECOND ADSORPTION CURVE FOR SLAB PREPARED FROM 
CEMENT 14675 


High-vacuum apparatus 


EE vaporable water 
in sample 


p/p. (= 2) Wt. of 

(pe = 23.756 sample, mg Fraction of 

mm of Hg) mg . dry wt. of 

paste ( w) 

0.000 616.6 0 0 
0.042 626.1 9.5 0.0154 
0.112 629.4 12.8 0.0208 
0.220 631.0 14.4 0.0234 
0.364 633.0 16.4 0.0266 
0.450 634.5 17.9 0.0290 
0.596 638.7 22.1 0.0358 
0.806 644.3 rs 0.0449 
1.000 662 (est) 45.4 (est) 0.0736 (est) 
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TABLE 22—THIRD DESORPTION CURVE FOR SLAB PREPARED FROM 
CEMENT 14675 


High-vacuum apparatus 


Evaporable water 
in sample 


p/p. (= 2) Wt. of 
(pe = 23.756 sample, mg Fraction of 
mm of Hq) mg dry wt. of 
paste (= w) 
0.807 655.3 38.7 0.0628 
0.624 647.9 31.3 0.0508 
0.467 645.1 28.5 0.0462 
0.370 643.3 26.7 0.0433 
0). 202 639.2 22.6 0.0367 
0.052 634.8 18.2 0.0295 
0.043 632.5 15.9 0.0258 
0.000 616.6 00.0 0.0000 


TABLE 23—THIRD PARTIAL ADSORPTION AND PARTIAL DESORPTION 
CURVES FOR SLAB PREPARED FROM CEMENT 14675 


High-vacuum method 


Evaporable water 
in sample 


p/p. (= 2) Wt. of —— 

(ps 23.756 sample, mg Fraction of 

mm of Hq) mg dry wt. of 

paste (= w) 

0.00 616.6 0G 0 
0.052 627.6 11.0 0.0178 
0.094 628.9 12.3 0.0199 
0.178 631.1 14.5 0.0235 
0.321 633.3 16.7 0.0271 
0.405 634.2 17.6 0.0285 
0.326 633.8 17.2 0.0279 
0.146 631.6 15.0 0.0243 
0.049 628.7 12.1 0.0196 
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Fig. 2-7—Sorption isotherms for neat cement slab made from cement 14675 
Data from Tables 18 to 23 


vacuum desiccator. In the high-vacuum procedure these granules were 
exposed to the vapor pressure generated by ice at the temperature of dry 
ice, the lowest pressure used. After the final exposure to this low pressure 
in the high-vacuum apparatus, the samples were ignited. The final 
weights compared with those obtained after the earlier tests are given 
below: 


Sample No. 
9-15A-6M | K4B-1Q 
Loss on ignition as dried 


originally (g/g)...............-. 0.1428 | 0.1927 
Loss on ignition as dried in 
high-vacuum apparatus (g/g).... 0.1506 0.1922 


Note that the water content of K4B-1Q was the same (within the 
limits of probable error) under both drying conditions and that there- 
fore the sample as received from the sealed ampoule was not changed 
by the exposure to the lowest vapor pressure used in the high-vacuum 
apparatus. As mentioned in connection with Table 5, above, this pro- 
vides data for estimating the vapor pressure of the desiccant used in 
earlier tests. The vapor pressure over ice at dry ice temperature (-78 C) 
is given as 0.56 microns of mercury. The pressure relative to the 
saturation pressure at 25 C is therefore about 24 x 10-. 


The data for the other sample, 9-15A-6M, indicate that the two 
drying conditions were not exactly alike, the amount of water removed in 
the original drying being somewhat greater than that removed in the 
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Fig. 2-8 (left)—Adsorption isotherms (25 C) for granular samples 
Data from tables 24 and 25, Part 2, and from Tables A-8 and A-27 of Appendix to Part 2 


Fig. 2-9 (right)—Adsorption isotherms showing effect of curing (air-stream apparatus) 


TABLE 24—FIRST ADSORPTION CURVE FOR GRANULAR SAMPLE 9-15A-6M 


High-vacuum method 


Evaporable water 








Wt. of in the sample 
/Ps sample, |—_——— —— 
(= 2) | mg | mg | Fraction of dry wt. 
| | | of sample (=w) 

0.00 431.3 0.0 .0000 
0.055 441.1 9.8 .0227 
0.073 442.0 10.7 .0249 
0.104 443.6 12.3 .0284 
0.193 446.3 15.0 .0347 
0.244 448.5 17.2 .0400 
0.349 450.9 19.6 .0455 
0.472 454.7 23.4 .0542 
0.738 463.1 31.8 .0738 
1.000 . 1250* 





*Observed value 0.1569, but known to be too high because of condensation in sample and spring. 
0.1250 is based on the estimated water content of the sample in the saturated state. 
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TABLE 25—ADSORPTION CURVE FOR GRANULAR SAMPLE K4B-1Q 


High-vacuum method 


Evaporable water 


Wt. of in the sample 
p/ Ps sample, — _ wi 
(= 2) mg | mg Fraction of dry wt. 


of sample (= w) 





00 542. 


0. 2 .0 .0000 
0.055 | 562.2 20.0 0369 
0.073 | 563.7 21.5 0395 
0.104 | 566.3 24.1 0442 
0.193 | 571.4 29.2 054) 
0.244 574.0 31.8 0587 
0.349 579.4 37.2 0686 
0.472 | 586.6 44.4 0819 
0.738 608.9 66.7 1230 


1.000 2295* 





*Original water content after drying and resaturating. 


high-vacuum apparatus. This would indicate that the vapor pressure 
over the magnesium perchlorate hydrate is somewhat less than that 
over ice at -78 C. However, there is some reason to believe, as pointed 
out before, that the drying agent in the original tests was sometimes 
inadvertently Mg(ClOy)2 + Mg(ClO,4)2.2H2O instead of Mg(ClO,4)..2H.0 
+ Mg(ClO,4)2.4H.O. This could be one of those instances. 


In regard to the course of the curves over the lower range of vapor 
pressures, we will show later that theoretically the presence of air should 
reduce the amount of adsorption in the manner shown by the plotted 
data for K4B-1Q. That is, the two series of points for this sample differ 
only as they theoretically should. It will be seen later that in other 
important respects the two series of points have the same significance 
and that the two methods give essentially the same result. 


The two series of points for sample 9-15A-6M fall practically on the 
same line. Theoretically, the crosses should drop below the circles 
in the low-pressure range. The fact that they do not can be accounted 
for by the data given above showing that the sample used in the original 
tests (air-stream method) was dried to a lower water content than the 
sample used in the later tests (high-vacuum method). It will be seen 
later that the drier the sample the higher the ‘“knee’’ of the adsorption 
curve. It therefore seems that by chance alone the effect of the differ- 
ence in initial water content exactly offset the effect of the presence of 
air. 

These data indicate that adsorption in the presence of air is essen- 
tially the same as that in the absence of air when the small effect of the 
air itself is taken into account. This is important, for it shows that the 
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interpretations worked out by other investigators for adsorption from 
a pure gas phase can be applied with modifications to the adsorption 
of water vapor from a mixture of air and water vapor. 


It should be noted that practically all the data given in this paper 
were obtained by the air-stream method. Unless otherwise stated, it is 
correct to assume that all adsorption data were obtained by the air-stream 
method. 

Effect of extent of hydration on the position of the adsorption curve 

Fig. 2-9 gives a group of adsorption curves for a given kind of paste 
at different stages of hydration. The paste was obtained from mortar 
prisms that had been cured continuously in water for periods ranging 
from 7 days to one year. The results shown are typical except that they 
represent a Type IV, rather than a Type I, cement. Since the plots of 
water contents are expressed in terms of the weight of the original 
cement in the sample, the ordinates at p/p, = 0 give the amounts of 
non-evaporable water and those at p/p, = 1* give the total water con- 
tents at saturation. The curves illustrate the following general con- 
clusions that are applicable to all samples tested, regardless of original 
water-cement ratio, age, or type of cement. 

(1) The total water held at saturation (p/p,=1) increases as the 
length of the curing period increases. 

(2) The non-evaporable water content also increases. 

(3) The amount of water held at any intermediate vapor pressure in- 
creases with the length of the curing period. 

(4) The evaporable water content, which is the difference between the 
total and the non-evaporable water, decreases as the length of the curing 
period increases. 

The changes that take place during the period of curing are illustrated 
in another way in Fig. 2-10. This, like Fig. 2-9, represents a group of 
samples that were similar except for the extent of hydration at the time 
of test; they were prepared from mortar cubes all made from the same 
mix. Here the bottom curve represents the non-evaporable water and 
the top the total water content. The intermediate curves represent the 
water content after the originally dry samples had reached equilibrium 
with the relative vapor pressures indicated on the curves. 


Note that all curves originate at (0,0) except the upper one. This 
one begins at a point representing the original water-cement ratio (cor- 
rected for bleeding). That is, zero age represents the time before any 
hydration takes place. At that time all the water in the sample will 





_*The topmost point has been plotted at p/ps = 1 despite the fact that consideration of the effect of 
dissolved alkalies shows that it should be plotted at a lower p/ps. This point is discussed further in connec- 
tion with the effect of dissolved alkalies in Part 3. 


PPM 


oper 
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have a relative vapor pressure of 1.0* and not any of it would be held 
if exposed to an atmosphere having any lesser water vapor pressure. At 
any time after hydration begins, only a part of the water can be lost in 
an atmosphere having an appreciable vapor pressure. 

The rise of the top curve is due to absorption of water by the specimen 
from the curing tank. The points represent dried-and-resaturated 
granules and therefore are probably slightly below the level representing 
the capacity of the paste before drying, as explained before. 

The rise of the bottom curve indicates the progress of hydration and, 
as will be shown later, is proportional to the increase in volume of the 
solid phase of the paste. The heights of the next three curves above 
the bottom curve (p/p, = 0.09; 0.19; and 0.36) are believed to depend on 
the total surface area of the solid phase and hence to depend primarily on 
the quantity of gel present. It will be shown later that the positions of 
these lower curves are independent of the total porosity of the sample. 
Although this particular plotting does not make it apparent, it is a 
fact that the position of the points representing pressures greater than 
about 0.475 p, depend on the total porosity of the sample as well as on 
the extent of hydration. The basis for these interpretations and the uses 
made of the information are subjects treated in later parts of this paper. 


Fig. 2-11 gives some of the same data that appear in Fig. 2-9 in terms 
of a unit weight of dry paste rather than weight of original cement as 
before. It therefore shows the evaporable water only. Note that as 
the length of the period of wet curing increases, the total evaporable 
water decreases and the amount held at low vapor pressures increases. 
Since the total evaporable water may be taken as a measure of the total 
porosity of the hardened paste, this graph shows that the amount of 
water held at vapor pressures near the saturation pressure depends on the 
porosity of the sample. On the other hand, the amounts of water held at 
low pressures appear here to vary inversely with the porosity. However, 
it will be proved that the amount held at low pressure does not depend on 
porosity. 


Influence of original water-cement ratio (w./c) on the shape of the adsorption curve 


Fig. 2-12 to 2-15 present adsorption curves for samples having dif- 
ferent water-cement ratios but the same degree of hydration as measured 
by the non-evaporable water content. The points for these curves were 
obtained by interpolations on plots such as that shown in Fig. 2-10. 
The four figures represent three different cements, two different degrees 
of hydration, and three (in one case, four) different water-cement ratios. 
Considered together, they show that differences in age and original water- 
cement ratio have no influence on the shape of the lower part of the ad- 


*Again neglecting the effect of dissolved alkalies. 
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g. 2-10 (left)—Changes in amounts of water held at any given vapor pressure as in- 
fluenced by the length of the curing period 
Cement 15007J-Ref. 9-5 wo/c = 0.433 
Fig. 2-11 (right)—Adsorption isotherms showing evaporable water only 
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Fig. 2-13 (right}—Adsorption isotherms for samples of different w./c but equal non-evapor- 
able water 
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Fig. 2-15 (right)—Adsorption isotherms for samples of different w./c but equal 
non-evaporable water 


sorption curves apart from the effect on the level of the starting point: 
at a given degree of hydration the same curve holds for all ages and 
water ratios. In other words, the amount of water taken up in the 
lower third of the range of vapor pressures depends only on the extent 
of hydration and hence only on the increase in quantity of hydration- 
product in the sample. On the other hand, the total amount of evapor- 
able water depends upon the porosity of the solid phase which al a given 
degree of hydration depends upon the original water-cement. ratio. 

The data just considered show that the lower third of the adsorption 
curve has the same shape for different ages and different porosities of 
samples made from the same cement. Fig. 2-16 and 2-17 are presented 
to show that the lower third of the curves have the same shape not only 
for these conditions but also for different cement compositions. ‘These 
plots are like those of Fig. 2-12 to 2-15 except that the scale of ordinates 
is the ratio of the amount of water taken up at a given pressure to the 
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Fig. 2-16 (left)}—Adsorption isotherms for which the amount adsorbed is expressed as a 
ratio to the amount adsorbed at p/p, = 0.36 
Different degrees of hydration 


Fig. 2-17 (right)}—Adsorption isotherms for which the amount adsorbed is expressed as a 
ratio to the amount adsorbed at p/p, 0.36 
Different cements and different degrees of hydration 


amount taken up at a pressure of 0.36 p,. The coincidence in the lower 
range of pressures proves that the lower part of the curves can be repre- 
sented by the same form of mathematical expression. 
Empirical relationship between the amount of adsorption at low pressures 
and the non-evaporable water content 

hig. 2-18 shows typical relationships between the amount of water held 
at low vapor pressure and the non-evaporable water content for samples 
prepared from two different cements. Symbols of different shape for 
the same cement designate different original water-cement ratios, and 
different points of the same shape represent a mix of given water ratio at 
different stages of hydration. 

Although these data were among the first obtained in this investiga- 
tion and as a consequence show the influence of imperfect laboratory 
technique, they illustrate adequately the fact that with any given cement 
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Fig. 2-18—Relationship between amount of water held at 
low pressure and the non-evaporable water content for two 
different cements 


the adsorption at low vapor pressure (any pressure below about 0.4 p,) 
is directly proportional to the extent of hydration as measured by the 
non-evaporable water content. A study of this relationship will be 
presented in another part of this paper. 
General results from various cements 

The results of some of the adsorption tests and measurements of non- 
evaporable water are shown in graphical form for various cements* in 
Fig. 2-19 to 2-23. In Fig. 2-19, for example, the total evaporable water 
is represented by the height of the column above the horizontal reference 
line and the non-evaporable water by the length of the column extending 
downward. The proportions of evaporable water held between various 
relative vapor pressures are shown by the relative lengths of the blocks 
making up the column. As will be shown later, the length of the first block 
above the zero line (up to line 0.35) is approximately proportional to the 
surface area of the cement gel. By assuming that the surface area is 
proportional to the amount of cement gel, the length of this block may 
also be taken to indicate the relative amount of cement gel in the sample. 

The effect of differences in water-cement ratio for specimens of the 
same age is shown in Fig. 2-19 and 2-20. The effect of prolonging the 
period of curing for specimens of the same initial water-cement ratio 
can best be seen by reference to Fig. 2-21, 2-22, and 2-23. In reading 
these diagrams it is helpful to remember that at zero age there would be 


*For characteristics of the cements, see Appendix to Part 2. 
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Fig. 2-19—Effect of water-cement ratio on the hardened paste at the ages indicated 
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Fig. 2-21—Effect of age on hardened paste at the water-cement ratios indicated 
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Fig. 2-22—Effect of age on hardened paste at the water-cement ratios indicated 
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Fig. 2-23—Effect of age on hardened pastes of five different cements 
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no non-evaporable water and hence no column extending downward 
and the column for evaporable water would have a height equal to the 
original water-cement ratio, corrected for bleeding. Therefore, the dif- 
ference between the height of the evaporable water column and the 
original water ratio indicates the degree of reduction in porosity brought 
about by the curing. 

Some of the irregularities shown in these diagrams are believed to be 
due to imperfections in experimental technique. It seems probable 
that a given group of diagrams representing regular changes in w,/e or 
in age should show a regular pattern of change. In most of the interpre- 
tations built up in later parts of this paper, these irregularities are ignored. 


EFFECT OF STEAM CURING 


One test only of steam-cured material was made. The result was so 
significant, however, that it will be given here. The procedure was as 
follows: a paste of normal consistency was made, composed of 1 part 
cement 15756, 0.71 part pulverized silica (Lot 15918), and 0.43 part water, 
by weight. This was made into two prisms 1x1xl1144 in. The prisms 
were cured over night in the molds and then were steamed at 420 F 
in an autoclave for about 6 hours, after which they were immersed in 
water over night. The bars were then crushed and a 48-80 mesh sample 
taken for adsorption tests. 

Two-inch cubes were made from the same cement-silica mixture, 
but with slightly higher water-cement ratio—0.50 instead of 0.43. These 
were cured continuously under water for 28 days. They were then 
crushed, granular samples were taken, and adsorption characteristics 
were determined in the usual way. 

The results of these tests are given in Table 26 and Fig. 2-24. They 
show that curing at high temperature radically alters the adsorption 
characteristics. Note particularly that about 90 percent of all the 
evaporable water was taken up at pressures above 0.8 p,. The sig- 
nificance of this will be discussed more fully in the succeeding parts of 
the paper. 

SUMMARY OF PART 2 

The water in saturated hardened cement paste is classified as evapor- 
able and non-evaporable. This classification is based on the amount of 
water retained by a specimen dried in a vacuum desiccator at 23 C over 
the system Mg(C10,4)2.2H2O + Mg(ClO,4)2.4H.O. The poresina hardened 
paste are defined as those spaces occupied by evaporable water. 


This part of the paper deals with measurements of non-evaporable 
water and the adsorption isotherms of the evaporable water in various 
samples of hardened cement paste. 
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TABLE 26—EFFECT OF STEAM CURING 


Cement 15756 








Relative l 73 F for | Autoclaved 
vapor 28d | at 420 F 
pressure | w/e = 478 | wo/c = 43 
(wn)* (. 1537) (. 1615) 
0.08 .0220 .0015 
0.16 .0329 .0017 
0.24 .0390 .0028 
0.32 .0478 .0025 
0.36 .0530 .0026 
0.53 .0689 .0038 
0.70 .0969 .0052 
0.81 . 1283 .0081 
0.85 . 1408 .0090 
0.88 . 1623 .0131 
0.96 . 2230 .0300 
1.00 | .4367 . 3009 








i, = non-evaporable water. 

A general description of materials and experimental apparatus and 
procedures is given, with reference to the Appendix to Part 2 for more 
complete information. Data are presented on the stability of the hy- 
drates of the constituents of portland cement, in the presence of dif- 
ferent desiccating agents. Indications are that of the microcrystalline 
hydrates that might occur in hardened cement paste, only the calcium 
sulfoaluminate would be decomposed to an appreciable extent by the 
desiccant used in these studies. 

The experiments were for the most part made on granular samples 
prepared from the original cylinders or cubes. Data are presented indi- 
cating that the granular samples were representative of the original 
pastes, except for pastes of comparatively high porosity. 
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The empirical aspects of the experimental results are described and 
discussed. Adsorption and desorption curves from the same sample pre- 
sent a so-called hysteresis loop similar to those found for other materials, 
In addition, the curves show some features of irreversibility not com- 
monly found among other materials. Most of the study pertains to 
adsorption isotherms only. 

Adsorption of water vapor from humidified streams of air (air-stream 
apparatus) was found to be the same as adsorption from water vapor 
alone (high-vacuum apparatus), except at pressures below about 0.3 p,, 
where the adsorption in the absence of air was expected to be greater 

than that in the presence of air. The curves obtained by the two methods 
are believed to have the same significance. 

Graphs are presented from which the following conclusions are drawn: 

(1) The total water held at saturation (p/p, = 1.0) increases as the 
length of the curing period increases. 

(2) The non-evaporable water content also increases. 

(3) The amount of water held at any intermediate vapor pressure 
increases with the length of the curing period. 

(4) The evaporable water content, which is the difference between 
the total and the non-evaporable water, decreases as the length of the 
curing period increases. 

Curves are presented showing that differences in age and original 
water-cement ratio have no influence on the shape of the lower part of the 
adsorption curves. On the other hand, the position of the upper part of 
the curve and the total amount of evaporable water in a saturated 
specimen depend on both age and original water-cement ratio. ‘These 
conclusions apply to all cements. 

For a given cement the amount of evaporable water held at any pressure 
up to about 0.4 p, is directly proportional to the non-evaporable water 
content. The proportionality constant is different for cements of different 
type. 

An adsorption curve for cement paste cured for six hours in the auto- 
clave at 420 F is compared with the curve obtained from a similar paste 
cured at 73 F for 28 days. Results show that curing at high temperature 
and pressure produces adsorption characteristics radically different from 
those observed in specimens cured in the ordinary way. 
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DESCRIPTIONS OF MATERIALS AND TABULATIONS OF ORIGINAL DATA 


Information is given in this appendix concerning the materials used in each series and 
concerning the preparation of test specimens and samples. This information supple- 
ments that given in the text. 

Also given are tabulations of the original data. The authors regard such a full pre- 
sentation desirable because of the uniqueness of the data and because of the speculative 
nature of the interpretation offered in the text. That is, alternative interpretations may 
occur to other investigators in this field and we consider that they should have access 
to the original material. 


Characteristics of cements 

The cements used in any given series can be readily identified in Table A-1. Their 
chemical and physical properties are tabulated in order of lot numbers in Tables A-2 
and A-3. 
Description of specimens made in series 254-265 

Mortar Specimens: ‘Truncated cones: Base 4 in.; top 1% in.; altitude 6 in. 

Cement: Lot 14502 (see Tables A-2 and A-3 for characteristics). 

Aggregate: A mixture of Elgin sand and Ottawa silica graded as follows: 


Weight, per cent of size indicated 


Ottawa Silica | Elgin Sand 
200 100 48 28 14 | s 
100 is 28 | 14 | 4 


2.4 4.9 23.6 29.9 16.3 | 22.9 
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TABLE A-1—SERIES INDEX TO CEMENTS 





















































Series Cement Nos. 

254-265 | 14502 | 4 

254-MRB | 14898-39AQ | 14899-40PC | 14900-41SC | 14901-42AQ | 14902-43PC | 14903-448C 
14904-45AQ | 14905-46PC | 14906-47SC | 14907-48AQ | 14908-49PC | 14909-50SC 
14910-52AQ | 14911-51PC | 14912-53SC | 14913-54AQ | 14914-55PC | 14915-56SC 

254-K4B | 13721-18 13722-1P 13723-1Q 13730-48 13731-4P 
13733-58 13734-5P 13735-5Q 13736-68 13737-6P 
13740-7P 13741-7Q 13752-11P 13753-11Q | 13763-15S 
13765-15Q | 13766-168 13767-16P | 13768-16Q | 13778-208 
13780-20Q 

254-7 14675 

254-8 14930] 15007J 15008J 150113 15012J 150133 
15014J 

254-9 14930J 15007J 15011J 150133 15365 ae 

254-11 15495 15497 15669 15754 15756 15758 SS 
15761 15763 16198 16213 16214 

254-13 15367 15498 15623 15670 15699 15921* 
15923* 15924* 15925* 15926* 15927* 15929* 
15930* 15932* 15933* 15934* 15935* 

254-16 15754 15756 15758 15761 | 15763 16186 
16189 

254-18 13495 14675 15365 | 13723-1Q | ex 











*All cements marked * were ground in the laboratory. The rest were ground in commercial plants. 


Mizes: Specimens represented the following mortar mixes, by weight: 1:0 (neat); 
1:114; 1:1, 1:2, 1:3, 1:5, 1:7. 

Mixing: Each batch was mixed 30 sec. dry and 2 min. wet in a small power-driven, 
open-tub mixer. 

Molding: Cones were cast in watertight molds of known capacity, the mortar being 
puddled with a light tamper. 

Measurements: The weight of the filled calibrated mold was measured to 1 g immedi- 
ately after filling, and again after 20-24 hr. in the fog-room. On stripping, the specimens 
were weighed in air and in water. 

Curing: In molds in the fog-room for the first 20-24 hr.; in the fog-room thereafter. 
Temperature: 70 F. 


Drying: The granular samples were dried in air-filled desiccators over concentrated 
sulfuric acid. 


Composition of specimens: See Table A-4. 
Analysis of granular samples: See Table A-5. 
Adsorption data: See Table A-6. 
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TABLE A-3—DENSITY, SPECIFIC VOLUME, 


| Density and Specific Volume, 
as ae from 
Displacement 





| in Specific 
Lot (ee | ees | Surface 
No. Kerosene Water om? /g 

— — | — A.S.T.M. 
Density | Sp. Vol. | Density | Sp. Vol. 

|} g/em* } em*/g | g/emé* |} om'/g 

| 
13405 3.161 | 0.316 1868 
138721 | 3.130 0,320 1645 
13722 %.110 0.322 | 1745 
13723 | 3.100 0,322 1535 

| 
13730 | 1735 
13731 | 1800 
13732 1705 
13733 1790 
13734 | 1715 
13735 | 1665 
13736 | 4.163 0.316 1685 
13737 3.152 0.317 ISLS 
13738 $.130 0.319 1715 
13740 | 1655 
13741 | | 1655 
13752 | 1740 
1375% | 1610 
13763 | 3.165 | 0.316 1780 
13764 | 3.143 0.318 1630 
13765 | 3.104 | 0,822 1800 

| 
13766 | 1845 
13767 1735 
13768 1745 
13778 3.145 } 0.318 1705 
13779 3.145 | 0.310 1730 
13780 4.128 0.320 1605 
14502 3.145 0.318 | 1820* 
14560 3.154 | 0.317 3.184 | 0.314 1085 
14560 3.150 | 0.318 3.170 0.316 1540 
14560 3.155 } 0.317 3.192 0.314 2045 
14560 3.156 0,317 3.206 | 0.3812 2550 
14675 3.143 | 0.318 | 1865 
14808 3.140 0.318 1620 
14800 1610 
14900 | 1620 
14901 | 3.150 | 0.318 4.107 0.313 1640 
14902 | 1590 
14903 3.167 | 0.316 | 3,225 0.310 1630 
14004 | 1580 
14905 | 1610 
14906 1620 
14907 | 1660 


14008 | 1630 

a. All those cements marked a were ground in the laboratory. The rest were 

round in commercial plants. 

b. This includes +325 material. 

©. Densities of these comenta were not determined. The values given are for 
cements of similar fineness made from the same clinker, but no allowance 
was made for differences in gypsum content. 

* 1560 em'/g by the permeability method. 
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AND SPECIFIC SURFACE OF CEMENTS 


Density and Specific Volume, 
as Computed from 








Displacement Specific Surface, 
in cm’? /g 
Lot 
No. Kerosene Water 
! ] 
Density | Sp. Vol. Density | Sp. Vol. | Per- 
g/om' om /¢ az/em cm /g A.8.T.M. | meability 
Method 
14900 1630 
14010 3.165 0.316 3.207 0.312 1610 
M011 1620 
14012 3.181 0,314 3.228 0.310 1640 
14913 1640 
14014 3.144 0.318 1610 
14015 1650 
| 
14930J 3.218 0.311 4,200 0.304 2045 
15007 J 4. 180 0.314 $, 260 0, 307 2015 
15008J $,201 0,312 $230 0,309 1825 
15011d 3.204 0.312 3.263 0.306 1835 | 
15012J 4.191 0.314 1740 
LDOL3J 3.162 0.316 3.247 0,308 1810 
15014J 3.174 0.315 2010 
15365 3.135 0.310 3.187 0.314 1640 3120 
15405 3.101 0.322 3.136 0.319 1440 2780 
15407 3.100 0.822 3.178 0.315 | 2500 5150 
15669 3.215 0.311 3,257 0.307 2200 3810 
15754 3.135 0.319 4.174 O.315 1800 $420 
15756 4.174 0.315 3.200 0,312 1800 3060 
15758 3.107 0,322 3.158 0.317 1800 3570 
15761 3.155 0.317 $.210 0.312 1800 SO 
15763 3.215 0.311 3.252 0.308 1800 2760 
3.135 ¢ 0.319 3.100 6 0.314 1820 2870 
7 % cae ei 1800 3350 
2070 | 4850 
4.107 « 0.322 3.16c | 0.316 ISLS 2030 
re ; ; , 1870 3360 
2020 4580 
15027 a 3.1766 0.315 3.22 6 0.310 1800 2860 
15020 a J = “ | o, 2080 | 4770 
15036 a 3.21506 0.311 3.25 6 0, 308 1705 2630 
15032 a ci = “a Ls 2050 1280 
150353 a 3.155 « 0.317 3.216 0.312 1820 2060 
15034 a + me , oe ISSS 3480 
15035 a om : . 2080 4480 
16186 3.135 0.310 3.188 0.314 1702 b $200 
16180 3.174 O.315 3.214 0.312 1840 b $200 
16108 3.215 0.311 3.254 0. 308 2014 b 3200 
16213 8.135 0.310 3.179 0.315 1263 2430 
16214 3.185 0.319 3.184 0.314 1528 20920 
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TABLE A-4—UNIT ABSOLUTE VOLUME COMPOSITION OF THE MORTARS 
USED IN SERIES 254-265 





Tae 8 

Unit Absolute Volume Composition | Water-Cement Ratio h 

Ref. i— ———— —— + - ; d 
No. Cement | Sand | Water | Air | Volume | Wt. | Gal/Sk. 

} Basis Basis 

323 0.5601 0.4169 0.0192 0.744 0. 236 2.66 s 
506 0.4046 0.2438 0.3331 0.0189 0.823 0, 262 2.95 

509 0.3195 0.3850 0.2826 0.0129 0 884 0. 268 4.17 " 

512 0.2221 0.5353 0.2264 { 0.0162 1.019 0.323 3.65 2 

515 0.1666 0.6022 0.2075 0.0237 245 0.305 4.46 u 
518 0.1062 0.6399 0.2250 0.0289 2.118 0.670 7.59 
521 0.0787 0.6638 | 0.2216 0.0359 2.816 0.893 10.09 


TABLE A-5—ANALYSES OF GRANULAR SAMPLES USED FOR ADSORPTION 2 
AND NON-EVAPORABLE WATER MEASUREMENTS IN SERIES 254-265 

















Cement | Non-Evap. Sand 
Cont. | Cement Non- Water, Content 
Sol. | Cont. | Ignition | CO2(1) | Evap. % cement (by 
Ref. SiOr } SO, Loss, | Loss | Water(2) content difference) 
No. Meth. | Meth. | % % % - 
% dry % dry dry dry dry Sol. SO, Sol. | SO; 
weight weight if weight | weight | weight SiOs Meth, SiOe | Meth. 
323 85.6(3) | | 14.42 0.67 13.7 16 0.7) — 
506 66 70 | 17.50 | 4.99 12.5 19 1s 21.0 | 17.8 
509 57 } 62 19.01 7.58 11.4 20 1s 23.1 | 26.3 
512 47 | 52 } 20.45 } 9.91 10.5 22 20 42.4 | 37.0 
515 41 | 47 | 22.63 | 11.86 | 10.8 26 23 18.0 | 42.5 
518 39 | 42 | 21.92 12.40 0.5 24 23 5LS 18.6 
521 34 | 36 21.26 13.22 8.0 23 22 57.7 | 55.5 w 
| f 
(1) CO2 comes chiefly from calcareous sand (Elgin). - 
(2) Non-evaporable water obtained by correcting loss on ignition for CO2-loss. ; 
(3) Ignited weight taken as cement content since this is a neat paste. é 
¢ 
‘ 
TABLE A-6—ADSORPTION DATA FOR SERIES 254-265 s 
Age: 110 days 8 
. 
v 
Total Water Retained at Relative Vapor Pressure S 
Indicated, g/g dry weight Ss 
p/Pe — —_ . - : | \ 
Ref. Ref. Ref. Ref. | Ref. Ref. | Ref. 
323 506 | 5O9 } 512 515 518 521 
Wn . ety Se lh 105 108 =| 095 0380 
0.11 ‘M474 |. 1384 1287 | 1121 1141 | .1008 0836 
0.20 | .1552 1448 | 1310 | 1183 | 1109 | 1060 O884 
0.36 . 1649 1544 . 1396 } 1254 } .1274 | 1128 0945 
0.50 .1752 } . 1626 | .1472 1331 } 1353 | 1206 1009 
0.61 .1811 | 1683 | 1526 1382 1400 . 1264 1052 
0.75 1047 | .1800 | = .1634 1491 1532 | 1443 1224 w 
0.80 1962 | .1826 | .1649 1510 1558 | .1453 | = .1252 0 
0.826 2013 . 1862 | 1703 | 1569 1636 | 1560 | 1327 9 
0,888 2085 SS ae a 1629 | 1731 1651s 1431 4 
0.93 2201 .2022 | 1868 | 1730 1850 1865 1592 5 
0.98 2225 | . 2053 1887 1767 1888 1901 1718 6 
SSD 250 | .220 | 210 | 197 227 | 267 | .259 6 
‘ies 7 
Ww, = non-evaporable water, p/p. =~ about 24x10. 5 
SSD = Water content of granular sample, saturated, surface-dry for sample that had been dried and ng 
resaturated. -- 
SS 
Description of specimens made in series 254-MRB SS 
Neat Specimens: Cylinders, 1x7 in. 
? Ke 


Cements: See Tables A-1 to A-3. 


Burning Conditions: Lot Nos. 14910, 14911, 14912: hard burned; Lot Nos. 14913, 
14914, 14915; soft-burned; others: normal plant burning. Changes in burning condition 
were brought about by changing length of burning zone. 
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Cooling Condition: The symbol PC signifies cooling by regular plant method; SC 
signifies slow cooling by storage in an insulated box where temperatures at or above red- 
heat were maintained for about 24 hours; AQ signifies cooling to temperatures below 
dull-red within 10 seconds by use of an air-blast. 

Grinding: In the laboratory mill with enough added gypsum for 1.8 percent total 
SOs. 

Mixing: The cement was placed with water in a kitchen-type mixer and mixed for 
2 minutes, allowed to rest for 1 minute, and then mixed for 1 minute. w/e = 0.5 by 
weight at mixing. 

Casting: The pastes were poured into 1x7-in. waxed-paper cylinders. 

Curing: In the molds under water. Molds stored horizontally. 

Drying: The granular samples were dried in a vacuum desiccator over Mg(CIO,)>.- 
2H.0. 

Adsorption Data: See Table A-7. 


TABLE A-7—ADSORPTION DATA FOR SERIES 254-MRB 


Water-cement ratio corrected for bleeding 


Total Water Retained at Relative Vapor Pressure Indicated, 
“£/2 cement 
! 


p/Pe 14808- | 14809- | 14900- | 1490I1- 14902- 14903- 14904- 14905- | 14906- 
|} 1AQ IPC | 18C 2AQ src | COC | 840 3PC 38C 
We/t We/t West | We/t } wWe/t We/t | Woe/C = | wWe/t = We/t 
382 BRS 446 3BO1 393 424 All | .476 


42 425 
Age 120d | Age 120d | Age 126d | Age 126d | Age 133d | Age 133d | Age 162d | Age 162d | Age 173d 








Wn 2171 2225 2274 | .2228 | .2273 | .2271 | .2284 | .2299 2355 
088 2615 2614 | .2684 2620 | .2665 | .2664 | .2723 | .2757 | .2794 
20 2737 2781 | 2848 2755 | 2825 =| 2823 2801 2924 | 2066 
355 2077 3034 | 3111 | 2992 | 3092 | 3091 | 3143 3184 .3271 
51 3179 | 3209 3245 | 3116 | 3285 3277 | .3333 3393 | .2510 
61 | 3208 3355 3534 3332 | 3422 «=| 3448 | 3485 35: | .38702 
69 3461 3511 | 3656 | 3437 | 3578 3602 3578 3631 | 3831 
75 3610 3666 | 3852 3649 3743 3797 | 3749 3811 | 4048 
80 3675 3724 3018 | 3700 | 3807 3842 | 3824 3879 | .4107 
84 3782 3813 | 4000 | 3803 | 3883 3926 | 3041) | 3982 | .4217 
8 3071 | 3083 4100 3908 3981 | 3906 4168 4176 4438 
06 1318 4225 4450 4491 | 4475 | .4401 $553 4469 | .4737 
SSD 1604 4581 5082 | 4911 5013 | =.5106 | 4807 4808 54906 
SSDO | .§267 5031 5108 | (5261 | 4993 | .502 5673 
Total Water Retained at Relative Vapor Pressure Indicated, 
2/x cement 

P/Pa | 14007- 14008- 14900- | 14910- 1401 1- 14012- | 14913- 14014- | 14915- 
4AQ 4PC | isC | 5AQ 5PC | 58C | 6AQ 6PC 68C 

Wo/et | wo/e wWe/e | We/e | We/c* | Wo/Ct | wo/c= | wo/e Wo/Cc= 

406 | £304 183 A460 | CAB | 480 410 | # .423 437 
Age 173d | Age 200d | Age 200d | Age 204d | Age 204d | Age 212d | Age 212d | Age 222d | Awe 222d 














Wn 2191 | .2250 | | .2282 | .2204 | .2252 | .2206 | .2253 | .2240 
OSS 2605 , | | ,2704 2723 S| 2703 2665 2675 2067 
20 2789 | (2853 | (2846 | ‘2865 2040 2883 | .2839 | .2847 2830 
355 3037 | .3108 | .3119 |} .3142 3166 | .3167) | .3075 | .3101 3097 
51 3231 | $327 3346 | 3365 3383 sO S416 | 3275 | 3203 3200 
61 3354 3463 3406 | 3470 3406 | 3558 | S380 3443 3441 

69 | 3459 3573 3639 3533 | 3571 fr 3608 | 3514 | 3537 3562 
75 3620 3764 3871 3703 3832 | 3007 3678 3736 «| = (3759 

80 | , 3683 3948 | 3844 3005 | =. 3056 3704 3771 | .3787 
M4 | 3766 302 1061 .3052 | 4017 | 1048 | 3771 3847 . 3869 
Sv | 4027 4136 41333 80 OI 4365 4300 | O61 | 4137 | 4149 
0 | (4279 1304 1659 4706 | .4801 | 4547 | 14314 | (4347 | 14327 

SSD 1606 4771 5477s 4) 0) | 5259 | 5AT3 4767 4870 | .5203 

SSDO 4741 =| 19022 5725 5348 Mos | 5675 4032 | 5206 

| 
Key: SSD Water content of granular sample, saturated, surface-dry for sample that had been dried 
and resaturated. 
SSDO Water content of granular sample that was brought to saturated condition without pre- 


liminary drying. 
AQ Air quenched, 
PC = Plant cooled. 
SC = Slow cooled 
wn Non-evaporable water; p/ps about 24x10-6 
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Description of specimens made in series 254-K4B 


Neat Specimens: Cylinders, 1x7 in. 

Cements; See Tables A-1 to A-3. 

Cooling: Symbol P signifies regular plant cooling; S signifies slow cooling after re- 
heating clinker; Q signifies quick cooling after reheating clinker. 

Grinding: . In the laboratory mill with enough added gypsum for 1.8 percent. total 
SO. 

Mixing: The cement was placed with water in a kitchen-type mixer and mixed for 
2 minutes, allowed to rest for 2 minutes, and then mixed for 2 minutes. w/c = 0.5 by 
weight at mixing. 

Casting: ‘The pastes were poured into 1x714-in. cylindrical molds. 

Curing: In the molds stored horizontally under water for 20-24 hrs.; under water 
thereafter. Temperature: 70 F. 

Drying: ‘The granular samples (48-100 mesh) were dried in a vacuum desiccator over 
Mg(ClO,)2.2H.0. 

Adsorption Data: See Table A-8. 


Description of specimens made in series 254-7 


Mortar Specimens: Truncated cones: base, 4 in.; top, 2 in.; altitude, 6 in. 
Cement: Lot 14675. See Tables A-2 and A-3 for characteristics. 
Batches: The batches were made up as follows: 


, | Weights, gms. per batch 
Mix = | ———----_—_——- -——— —- 














| | 
Ref. by | Ottawa Silica Cow Bay Sand Cement Water, 
No. | Wt. |————_-— —__—_—_—__—, — — K | ml 
200- | 100- | 48- 2s- | 14 8 
100 | 48 | 28 14 8 4 | 
7-1 1-0 — — | | — | | 4000 | 1010 
} | { | 
7-2 1-% 36 73 125 579 |. 301 | 386 3000 | 830 
| 1 } | 
7-3 1-1 | 54 110 187 868 | 453 | 57 | «2250 | 875 
| ‘ | 
7-4 1-2 | 77 157 | 266 | 1234 | 644 | 822 | 1600 | 570 
| | j | 
7-5 1-3 86 177, | 299 1389 724 925 1200 | 545 
| | | 
7+ 14 | 90 184 | 311 | 1447 | 654 | 1064 | 938 | 590 
| 
7-7 1-5 | 90 184 | 311 | 1447 | 654 | 10641 | 750 | 570 





Mixing: Each batch was mixed 30 sec. dry and 2 min. wet, in a small power-driven, 
open-tub mixer. 





Molding: From each batch 3 watertight molds of known cajpacity were filled. The 
mortar was puddled with a light tamper. 

Measurements: The weight of the filled calibrated mold was measured to 1 g im- 
mediately after filling, and again after 20-24 hr. in the fog-room. On stripping, the 
weights of the specimen in air and in water were obtained. 

Curing: In molds in the fog-room for the first 20-24 hr.; Under water thereafter. 
Temperature: 70 F. Some of the molds were not stripped until the specimens were 
48 hr. old, but the specimens were nevertheless immersed after the first, 24 hr. 

Drying: The granular samples were dried in a vacuum desi¢cator over Mg(Cl0,4)2.- 
2H. 

Cement-Silica Specimens: Cylinders cast in test tubes (1% x 6) in.) 

Cement: Lot 14675. See Tables A-2 and A-3 for characteristics. 

Silica: Lot 13239. 95 percent passing No, 200-mesh sieve. 








ope 
mix 
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M 
mol 
M 
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Proportions: 
| Proportions by Wt. | Nominal v w/e 
Ref. |—--——- —-- -——- ;—— —| ———— —— 
No. Cement Silica | Water c/SiOs ss gal /sk 
c | SiO2 } w 

1 0.736 | 0 0.264 100/0 "% 0.36 | 4.06 

2 0.590 0.148 0.262 80/20 . 444 5.00 

3 0.483 } 0.260 0.257 65/35 530 5.97 

4 0.411 0.336 } 0.253 | 55/45 | °° 618 6.96 

5 0.376 | 0.376 0.248 | 50/50 | 0.660 7.43 


Mixing: Cement and silica were premixed by tumbling them together in a large glass 
bottle. The dry material was placed with water in a kitchen-type mixer, and mixed for 
2 minutes, allowed to rest for 3 minutes, and then mixed for 2 minutes. 

Casting: The pastes were poured into 7% x 6 in. test tubes which had previously 
been calibrated by filling them with water from a burette. 

Curing: The level-full test tubes were stored under water until the third day after 
casting, at which time the glass molds were broken off and the specimens were reim- 
mersed in water where they remained until tested. 

Drying: The granular samples were dried in a vacuum desiccator over Mg(CI0,)>.- 


2H.0. 
Test Results: All test results are given in Part 5. 
Description of specimens made in series 254-8 
Mortar Specimens: Cubes, 2 in. 
Cements: See Tables A-1 to A-3. 
Pulverized Silica: About same fineness, volume basis, as cement. 


Proportions: 

| Relative Proportions 

—_ es >a 2 - w/c 
Mix | Cement | Pulverized Std. Ottawa by 

| Silica Sand weight 

} } (approx.) 
A | 1 0 1.64 | 0.33 
B 1 0.330 2.30 | 0.46 
Cc 1 0.707 3.07 0.61 


Mixing: Each batch was mixed 30 sec. dry and 2 min. wet, in a small power-driven, 
open-tub mixer before making slump test. Slump-sample returned to tub and batch 
mixed additional 30 sec. before casting. 

Slump Test: Made in duplicate on 6-in. cone. Water adjusted to give 114-2-in. 
slump. 

Molding: ¥rom each batch 3 cubes were cast in previously weighed, 3-gang, steel 
molds. 

Measurements: The weight of the filled molds was measured to 1 g immediately 
after filling, and again 2-214 hr. later after carefully removing any accumulated water 
with a suitable absorbent. The molds were dried and weighed again just prior to strip- 
ping. After stripping, the cubes were weighed in air and in water. 

Curing: In molds in the fog-room for the first 20-24 hr.; then under water for 27 
days; thereafter in the fog-room. 

Drying: The granular samples were dried in a vacuum desiccator over Mg(CIO,):.- 
2H.0. 

Composition of Specimens: 'The composition of the hardened cubes, derived from the 
measurements mentioned above, are given in Table A-9. 
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Unit Absolute Volume Composition 








Cement Ref. | at End of the 2nd Hour 
No. No. —_ — — 

Cement Water Air 
14930J 8-1 | .2375 2431 035 
8-2 1692 2466 032 
8-3 i. eee . 2492 .029 
150073 8-28 . 2363 2649 021 
8-29 1698 .2567 025 
8-30 1288 2500 024 
15008J | 8-32 . 1647 2477 055 
8-33 1251 2405 55 
15011J 840 2407 . 2508 .022 
841 1730 2494 018 
8-42 . 1298 2522 O15 
150123 8-44 . 1606 2419 .077 
8-45 .1202 2472 068 
15013J | 8-46 | .2345 2532 040 
847 | .1713 2520 025 
| 8-48 | .1260 2455 046 
15014J 8-50 1566 2595 079 
8-51 .1201 2511 074 

















.4870 
5598 
.6029 
. 5207 
. 5636 
4721 
.5516 
. 5825 


5045 
5548 





November 1946 


w/e at 
2 hours 


.311 
443 


.595 


.344 
464 


. 595 


.462 
.590 


.319 
.442 


595 
461 
624 
,332 
453 
599 


510 
.644 


- 


Cement 
Content 
of Paste 


ye 
407 
"338 


-471 
. 398 
. 340 


. 399 
.342 
.490 


.410 
. 340 


. 399 
329 
481 
405 
339 
376 
29 


Oe 





p/i 


Wn 

.09 
.20 
36 


61 
.69 


.89 
96 
SSD 
SSD 


Wn 


69 


.89 
96 
SSD 
SSD 


Key 
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Adsorption Data: 





See Table A-10. 


TABLE A-10—ADSORPTION DATA FOR SERIES 254-8 


Water-cement ratio corrected for bleeding 


Total Water Retained at Relative Vapor Pressure Indicated, 








14930J- 


8-3 
Woe/c 

595 
Age 362d 


.2101 
. 2616 
. 2765 
. 3048 


.3224 





.6852 
7060 








15007J- | 


8-29 
We/C = 
464 
Age 440d 
.2169 
. 2578 
. 2759 
. 2997 
3191 
3411 
3591 
. 3739 
3832 
. 3919 
.4221 
4477 
5267 


5600 


£/g£ cement 


15007 J- 
8-30 
wWe/c 

.595 
Age 47% 


= 


2323 

. 2760 
| ,2939 
| .3183 
. 3367 
3574 
. 3752 
.3972 
| 4126 
| ,4298 
| 4831 

. 5266 
| :6711 
7178 





Total Water 








14930J- | 14930J- 
p/Ps 8-1 8-2 
Wo/c = wo/c = 
311 | 443 
Age 447d | Age 362d 
Wn . 1808 . 2006 
.09 .2199 _— 
.20 | ,2360 2641 
36 | ,2566 . 2889 
A7 . 2681 . 3042 
.61 . 2798 . 3205 
.69 . 2888 . 3346 
75 | 2094 3495 
81 , 3057 . 3626 
84 .3132 | .3732 
89 .3290 | .4024 
96 . 3479 .4234 
SSD 3934 | 5314 | 
SSDO 4132 5431 
15011J- 15011J- 
8-41 8-42 
p/Pe wo/c = Wo/e 
442 | 605 | 
Age 368d | Age 368d | 
wn 2102 2218 | 
.09 . 2503 . 2640 
20 | .2667 2817 
36 . 2921 _ 3073 
A7 .3149 3329 
61 .3345 .3548 
69 3463 3745 
75 3581 | 3931 
1 8657 | =.4003 
4 . 3828 | - 4232 
89 4131 | 4659 
.06 4338 } 4975 
SSD 56246 | 6426 
SSDO 5306 | 6756 
Key: SSD 


Wr 


15012J- | 15012J- 


8-44 
Wo/c = 
461 
Age 464d 


.2109 
.2519 
. 2604 
. 2922 
.3137 
. 3336 
3504 

3613 
. 3794 
. 3906 
4066 
4608 
.5738 





15008J- | 15008J- 








Retained at Relative Vapor Pressure Indicated, 
«/g cement 


845 
Wo/e = 
624 





| 2227 
| ,2657 
| .2835 
| 3080 

3315 

3586 
| 3761 
| 3892 
| .4145 

4320 
| 4546 
52905 


| 6978 


Age 464d 





| 





15013J- 
8-46 
wo/c = 
332 
Age 339d 
2185 
. 2567 
. 2737 
. 2034 
. 3076 
3163 
. 3333 
. 3424 
. 3468 
3514 
. 3673 
. 3826 
4245 
4461 


8-47 
Wo/c 

453 

Age 333% 








. 2407 
| 2820 
. 2091 
3252 
3446 
| ,3643 
| . 3746 
. 3931 
| .4002 
| .4089 
4375 
4619 
| . 5587 


15013J- | 





8-32 | 833 
Wo/c = w/e = 
462 .590 
1| Age 463d | Age 463d 
.2105 . 2208 
2472 . 2604 
2641 . 2798 
. 2863 . 3022 
. 3024 . 3237 
.3221 . 3480 
3361 . 3690 
3471 . 3828 
. 3673 4084 

. 8789 4278 | 
| .3933 4461 | 
| 4442 . 5206 
| .5383 .6763 | 

15013J- | 15014J- 
8-48 8-50 
we/c = wo/c = 
.599 | .510 

1| Age 333d | Age 487d 
| .2527 | 2472 
| °2932 | [2885 
3103 . 3079 
3348 | .3373 
3546 . 3587 
3793 . 3834 

| 3942 4050 
4148 4199 
4281 4359 
4387 | .4436 
4820 | .4656 

| ,5203 .5116 
| 6886 .6355 
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15014J- 
8-51 


Age 487d 
. 2527 
. 2961 
.3152 
3439 
. 3685 


‘5701 
. 7769 


Water content of granular sample, saturated, surface-dry for sample that had been dried 
and resaturated. 
SSDO = Water content of granular sample that was brought to saturated condition without pre- 
liminary drying. 
Non-evaporable water; p/p.e = about 24x10-*. 


Description of specimens made in series 254-9 


Mortar Specimens: 


Cements 


Pulverized Silica: 


of cement. 
Batches: 


Mix 


52 


82. 


Cubes, 2-in.; Prism, 
See Tables A-1 to A-3. 
Lot 1 


2x2x94 in. 


Specific surface, volume basis, about the same as that 


The batches were made up as follows: 


Weights, gms. per batch 


| Cement 
| 1900 

1350 | 
| 1000 | 


Pulverized 


Sili 


ca 


| 


Std. Ott 
Sand 


3100 
3100 
3100 


awa 


| 
| 


| 


Water 
(approx.) 


620 
610 
600 


Nominal 


wie 


We 


0.326 


0 


by 
ight 


452 


0.600 
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Mixing: As in Series 254-8. 
Slump Test: As in Series 254-8. 


Molding: From each batch 12 cubes and 1 prism were cast in previously ; weighed 
steel molds. 


: Measurements: Cubes: as in Series 254-8. Prism: the prism was weighed in air 
and in water at 28 days. 


Curing: As in Series 254-8. 
i Drying: As in Series 254-8. 


Test results for series 254-9 


Composition of Hardened Specimens: The composition of the mortars in the hard- 
ened cubes, derived as in Series 254-8, is given in Table A-11. 


TABLE A-11—UNIT ABSOLUTE VOLUME COMPOSITION OF THE 
MORTARS USED IN SERIES 254-9 

















Unit Absolute Volume Composition at 
the End of the 2nd Hour w/e at 
Cement Ref. Mix —_———_- , — 2 hrs. @ 
No. No. Cement Water | Air | Silica (wt. basis) 
=n a - . ——- 
149303 9-1 A .2401 .2437 .0308 | .4863 309 
9-2 B .1718 . 2397 0284 .5610 .42 
9-3 Cc . 1268 . 2380 .0292 | .6072 573 
150073 9-4 A . 2402 . 2474 0312 4821 316 
9-5 B 1721 2422 .0289 | 5568 433 
9-6 Cc 1292 2434 0211 . 6062 570 
150113 9-7 A .2415 . 2493 .0245 | .4852 316 
9-8 B .1727 2445 .0240 .5593 .432 
9-9 C . 1288 . 2394 .0251 . 6073 } . 582 
150133 9-10 A . 2407 . 2538 .0248 4813 | .324 
9-11 B .1709 . 2457 0341 5504 | 4d: 
9-12 C . 1260 . 2500 .0337 5912 } 611 
15365 9-13 A . 2366 . 2462 .0439 4752 .319 
9-14 B 1711 . 2453 | 0313 5536 | .439 
9-15 Cc .1295 . 2388 0224 6101 . 587 
9-15A Neat 5316 .4220 .0487 — | 244 














Adsorption Data: See Tables A-12 to A-27. 
Chemical Analyses of Dried Granular Samples: See Table A-28. 


Compressive Strength: Cubes were tested in compression, two at each age. See 
Tables 6-2 to 6-6, Part 6 for results. Samples for adsorption measurements were pre- 
pared from the broken. cubes. 


Modulus of Elasticity: The modulus of elasticity was determined from sonic measure- 
ments on the prism. See Table A-29 for results. 








Ke 
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TABLE A-12—ADSORPTION DATA FOR REF. 254-9-1, CEMENT 14930] 
w/e (by wt.): Original 0.316; after bleeding 0.309 
wn = non-evaporable water; p/pe = about 24x10-6 

= total water 























we 
(we = evaporable water can be obtained from the relationship we = ws — wn) 
Total Water, w:, Retained at Relative Vapor Pressure 
and Age Indicated, g/g cement 
p/Pe - oe as n gx —— — ak: aS hee nS as 
7 days l4days | 28days | 56 days 90 days 180 days | 365 days 
Wn 0804 0994 .1071 . 1292 | . 1497 . 1620 .1704 
O88 .0957 .1183 | — 
089 | . | 1327 | .1508 | .1812 2000 
-090 — | — ; 2080 
.20 1018 } .1273 .1421 1725 | .1963 2160 2232 
855 1097 | .1407 | - | — — - 
36 .1557 . 1893 2155 2335 | 2422 
47 — 1680 | . 2024 .2271 2482 | 2547 
51 1185 Ps 
‘61 1247 | | 1738 | 2109 | .2338 | .2508 | .2654 
69 1341 | 1898 | 2240 2477 | 2678 2743 
75 .1477 | . 2007 | . 2323 5 2754 | 2800 
80 | . 1547 . 1905 | . 2347 2811 | — 
81 = | . 2904 
84 1599 .2136 2521 2915 | . 2963 
89 | 1863 | 2408 2697 | 3054 3012 
‘96 | 2152 x Ss 3184 3282 
SSD 3258 | 3493 .3473 « 2 3576 . 3627 
SSDO | .3457 | | 3516 3605 | 3667 3703 | — 
| | | 
Key: SSD = Water content of granular sample in saturated, surface-dry condition for sample that had 
been dried and resaturated. 
SSDO Water content of granular sample that was brought to saturated condition without 


TABLE 


w/e (by wt.): 


preliminary drying. 


A-13—ADSORPTION DATA FOR REF. 254-9-2, CEMENT 14930) 


Original 0.441; after bleeding 0.424 


wn = non-evaporable water; p/ps = about 24x10 
we total water 
( evaporable water can be obtained from the relationship we we — Wn) 


We 





Total Water, w:, Retained at Relative Vapor Pressure 
and Age Indicated, g/g cement 




















»/Pe —j - " — es | . — — ™ — a — — - 
‘ 7 days | 14 days | 28 days 56 days | 90 days 180 days 365 days 
Wn | .o708 | .1020 | .1165 | 1352 | = .1785 1853 | 1953 
.088 .0957 | . 1227 | - 
089 | ,1444 | . 1697 . 2093 . 2268 ——- 
090 | . - 2396 
.20 . 1020 1315 | 1542 | . 1889 .2254 2473 . 2569 
355 1075 =| = .1487 : — 
36 .1700 . 2089 2485 2693 .2791 
AT - | 1819 2104 | . 2643 2873 . 2987 
51 .1160 | 1511 | | - n 
.61 .1214 1551 | . 1892 . 2388 2751 3075 3154 
69 . 1335 1722 . 2076 2516 29039 3184 . 3286 
75 . 1446 | 1797 .2142 . 2666 8065 3295 . 3358 
‘80 (1517 1928 | 2051 ‘2671 ‘3133 3347 . 
1 — | . 3507 
84 1573 | Lo oT: a . 3240 | .3614 
.8o 1879 | } . 2784 | 3238 . 3496 3735 
96 2189 | | 8108 | 3684 .3797 4114 
SSD 3981 | | ,4769 4738 | 1879 5109 
SSDO 3095 | 4936 4864 | 5017 — 
| | | 
Key: SSD Water content of granular sample in saturated, surface-dry condition for sample that had 
been dried and resaturated. 
SSDO Water content of granular sample that was brought to saturated condition without pre- 


liminary drying. 
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’ TABLE A-14—ADSORPTION DATA FOR REF. 254-9-3, CEMENT 14930) 


w/e (by wt.): Original 0.600; after bleeding 0.573 
Wn = non-evaporable water; p/pe = about 24x10- 




















we = total water 
q (we = evaporable water can be obtained from the relationship we = w: — wn) 
| Total Water, w:, Retained at Relative Vapor Pressure 
p/Ds | and Age Indicated, g/g cement 
| 7 days | 14 days 28 days 56 days 90 days | 180 days 365 days 
Wn Se a ele hl 1850 . 2008 
.089 |} .1022 =< TY ae eee): ee ee .2238 2422 
.20 | .1054 .1180 . 1635 .2130 . 2409 | . 2601 
. 36 -1125 .1289 .1814 . 2343 . 2637 | . 2841 
147 | 1192 "1337 (1848 | (2484 | ‘2814 | ‘3032 
-61 .1271 | . 1464 . 2086 | . 2634 } . 3068 | .3251 
.69 . 1385 . 1626 .2173 | . 2882 .3207 | . 3398 
.75 .1411 .1712 | . 2371 | . 3043 | .3372 | .3573 
.80 .1553 1721 | .2354 .3182 | .3470 .3700 
.81 } —_ _ — —_— — —- 
84 | .1673 2026 .2713 | .3380 | .3647 .3835 
.89 1955 } .2318 . 3099 | .3761 | .4114 } .4261 
.96 . 2297 . 2807 . 3642 .4385 .4485 4515 
SSD | -4822 .4599 5944 | .6344 .6393 . 5640 . 66 
SSDO | 4732 4851 -6021 Lic 6579 | .6562 | .6028 — 








Key: SSD = Water content of granular sample in saturated, surface-dry condition for sample that had 
been dried and resaturated. 
SSDO = Water content of granular sample that was brought to saturated condition without pre- 
liminary drying. 


TABLE A-15—ADSORPTION DATA FOR REF. 254-9-4, CEMENT 15007] 


w/e (by wt.): Original 0.338; after bleeding 0.316 

Wn = non-evaporable water; p/ps = about 24x10-6 

we = total water 

(we = evaporable water can be obtained from the relationship we = w: — wn) 





| Total Water, w:, Retained at Relative Vapor Pressure 
p/pe and Age Indicated, g/g cement 


























} 7 days 14 days 28 days | 56 days 90 days 180 days 
wn .1259 .1404 .1538 .1681 .1729 1835 
.089 . 1503 . 1687 .1824 2147 | 2105 — 
.09 —- — — — .2170 
.20 .1612 1816 .1950 . 2167 2234 2311 
36 .1759 . 1982 2126 | 2353 2419 .2513 
47 .1848 -2111 .2270 | 2496 2574 2672 
.61 .1949 2243 .2449 2651 2752 2814 
.69 . 2082 . 2378 2587 2752 . 2821 .2907 
.75 .2185 . 2440 . 2657 2810 } 2891 2962 
.80 .2215 --- .2715 . 2856 2941 — 
81 — oa _- — — 3026 
84 .2319 2584 .2781 3004 . 3030 3092 
.89 2520 2810 .2979 .3077 3146 . 323! 

-2856 | 2921 .3131 . 3269 | . 3276 .3378 
SSD | 3541 3643 3654 3794 .3712 3773 
SSDO 3716 — .3747 .3853 — 3921 

{ 
Key SSD = Water content of granular sample in saturated, surface-dry condition for sample that had 


been dried and resaturated. 
; SSDO = Water content of granular sample that was brought to saturated condition without pre- 
liminary drying. 








Key 


Key 
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TABLE A-16—ADSORPTION DATA FOR REF. 254-9-5, CEMENT 15007] 


w/c (by wt.): Original 9.467; after bleeding 0.433 
wn = non-evaporable water; p/ps = about 24x10-6 
we = total water 























(we = evaporable water can be obtained from the relationship we = w: — wn) 
| 
Total Water, w:, Retained at Relative Vapor Pressure 
p/pe and Age Indicated, g/g cement 
| 7 days 14 days | 28 days 56 days 90 days 180 days 
— — | — 
Wn . 1334 . 1498 | .1714 | . 1847 | . 1924 .2018 
.089 | . 1585 | . 1801 . 2026 | . 2336 | . 2341 _— 
.09 — — — —- — . 2396 
.20 .1698 .1942 | . 2169 . 2399 | . 2500 | . 2555 
.36 . 1843 .2128 | . 2357 . 2593 | .2714 .2778 
47 | .1972 | . 2243 | . 2522 | .2751 -2917 .2979 
.61 } . 2085 .2415 . 2763 . 2975 .3158 .3152 
.69 | . 2232 . 2570 . 2906 3128 . 3284 .3315 
.75 .2312 | . 2657 . 3020 | 3249 . 3394 .3All 
.80 | . 2364 —_— | .3132 } 3302 | . 3460 — 
81 — | — _— — —_— } .3520 
84 .2517 | . 2867 | .3191 | . 3527 . 3607 } . 3614 
.89 .2774 3158 | . 3432 } .3713 | . 3802 . 3994 
96 | 3157 3254 | .3695 | .3899 | .3980 4111 
SSD 4667 .4764 4913 | . 5002 . 5092 } . 5502 
SSDO . 5000 4971 .5106 .5156 | . 5605 
{ 
Key: SSD = Water content of granular sample in saturated, surface-dry condition for sample that had 


_been dried and resaturated. 
SSDO = Water content of granular sample that was brought to saturated condition without pre- 
liminary drying. 


TABLE A-17—ADSORPTION DATA FOR REF. 254-9-6, CEMENT 15007) 


w/e (by wt.): Original 0.610; after bleeding 0.570 


wn = non-evaporable water; p/ps = about 24x10-6 
we = total water 
(we = evaporable water can be obtained from the relationship we = w: — wn) 


| Total Water, w:, Retained at Relative Vapor Pressure 























p/Pe | and Age Indicated, g/g cement 
7 days 14 days 28 days 56 days 90 days | 180 days 

Wn . 1560 | . 1634 . 1839 . 2035 | . 2049 | -2132 
.089 1824 .1921 2191 — — — 

.09 — —_— —_ . 2398 | . 2428 | — 

.20 .1918 . 2066 . 2341 | . 2561 . 2603 | .2758 
. 36 .2078 .2210 . 2536 | .2781 .2811 | . 3006 
47 | . 2209 . 2342 . 2668 .2975 . 3038 .3218 
.61 | . 2423 | . 2523 . 2943 . 3240 | . 3266 | .3460 
.69 | . 2545 . 2694 | . 3136 .3405 | . 3407 | . 3589 
.75 . 2705 . 2864 | .3297 | .3524 | . 3578 3810 
80 . 2816 . 2870 3347 | . 3585 | —- | —- 

81 — — } —_- . 3656 | .3918 
84 . 2998 .3140 . 3634 | . 3836 .3818 | 4151 
“89 | ‘340 | ‘300 | ‘gem | ‘a9 | [4t65 | 4430 
.96 | .3597 .3774 | 4244 | 4456 | 4413 .4780 
SSD 5084 .5300 5845 . 5900 | 6019 6676 
SSDO . 5630 . 5846 .6219 | -6347 | .6186 — 

Key: SSD = Water content of granular sample in saturated, surface-dry condition for sample that had 


been dried and resaturated. 


SSDO = Water content of granular sample that was brought to saturated condition without pre- 
liminary drying. 











322 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE November 1946 


TABLE A-18—ADSORPTION DATA FOR REF. 254-9-7, CEMENT 15011) 


w/e (by wt.): Original 0.353; after bleeding 0.316 

wn = non-evaporable water, p/ps = about 24x10 

wi = total water 

(we = evaporable water can be obtained from the relationship we = wi — wn) 








| 


Total Water, w:, Retained at Relative Vapor Pressure 














p/Pe and Age Indicated, g/g cement 
7 days 14 days 28 days | 56 days 90 days | 180 days | 365 days 

we | 1137 .1338 | .1430 | = .1557 1643 | 1705 | .1760 
-089 | .1415 . 1584 1785 | — .1892 .1961 | 2039 — 
.09 -—- —- —- | — — |; — .2111 
.20 .1484 . 1686 1953 .2035 2098 | .2191 . 2276 
.36 .1617 .1838 . 2069 .2211 2268 | .2359 . 2468 
47 | .1703 . 1960 2193 | = .2295 .2410 | .2509 | .2573 
.61 . 1808 . 2038 .2312 | .2401 .2531 , 2632 . 2685 
.69 1935 | .2197 .2448 | .2535 -2622 | .2716 2764 
5 .1942 2289 2534 .2627 .2704 .2817 | =. 2861 
.80 .2112 .2519 .2548 . 2684 .2746 .2873 
81 | — — — | —- - | - .2931 
84 | .2209 . 2535 .2738 =| 8.2767) «| = .2812 2951 3002 
.89 |  .2480 .2787 | .2055 | .2905 | 3015 | .3125 3109 
.96 . 2697 . 3059 | .3186 =| = .3140 3138 «=| =.3216 3341 
SSD | ,3487 .3575 | .3619 =| «.3591 #+| #«.3617 3646 |  .3721 
SSDO . 3587 .3710 | .3696 .38713 | =. 3685 3794 | . 








Key: SSD = Water content of granular sample in saturated, surface-dry condition for sample that had 


been dried and resaturated. ‘9 
SSDO = Water content of granular sample that was brought to saturated condition without pre- 
liminary drying. 


TABLE A-19—ADSORPTION DATA FOR REF. 254-9-8, CEMENT 15011) 


w/e (by wt.): Original 0.459; after bleeding 0.432 
wn = non-evaporable water; p/ps = about 24x10-6 
we = total water 

















(we = evaporable water can be obtained from the relationship we = wi — wn) 
| Total Water, w:, Retained at Relative Vapor Pressure 
p/pe and Age Indicated, g/g cement 
7 days | 14 days | 28 days | 56 days 90 days 180 days 
wa | 1228 | .1527 1654 | «1781 1913 1986 
.089 | 1514 . 1824 | . 2054 2154 . 2278 
.09 — —- — - 2359 
.20 .1618 . 1940 .2116 . 2269 2444 2521 
. 36 } .1762 . 2064 . 2300 . 2464 . 2647 2751 
47 . 1828 | . 2205 2444 . 2656 . 2798 2956 
61 . 2005 .2357 . 2562 .2858 . 3023 3126 
.69 .2140 } . 2470 . 2764 . 38000 3165 . 3250 
75 . 2254 . 2634 . 2890 .38119 . 3289 3364 
.80 | — | .2718 . 2993 3226 . 3380 
.81 —_— — —_- —_— —_— . 3437 
84 .2517 . 2875 . 3108 .3313 3591 3587 
.89 | . 2829 . 3249 . 3251 3618 3816 | 3827 
96 .3310 3579 38778 . 3864 4055 | 4108 
SSD 4661 4932 4843 4922 4952 | 4975 
SSDO —_ 5155 5045 5075 5165 | 5119 
' 1 t 





Key: SSD = Water content of granular sample in saturated, surface-dry condition for sample that had 
been dried and resaturated. 

SSDO = Water content of granular sample that was brought to saturated condition without pre- 
liminary drying. 
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TABLE A-20—ADSORPTION DATA FOR REF. 9-9, CEMENT 15011] 


w/e (by wt.): Original 0.610; after bleeding 0.582 














wn = non-evaporable water; p/ps = about 24x10-6 

wt = total water 

(we = evaporable water can be obtained from the relationship we = wi — wn) 

— ia . va ~— 
Total Water, wi, Retained at Relative Vapor Pressure 
p/Ps and Age Indicated, g/g cement 
7 days 14 days 28 days 56 days 90 days | 180 days 
Wn 1314 . 1567 | .1756 1953 2046 . 2136 
.089 1573 .1871 .2176 2332 . 2427 } 
.09 - - . 2523 
.20 . 1693 .1994 . 2231 . 2484 . 2600 | . 2693 
36 . 1804 2132 . 2418 . 2688 . 2831 | .2914 
47 .1901 . 2244 2565 . 2897 .2977 .3139 
61 . 2037 : 5 ‘ .3121 | .3212 . 3364 
.69 2160 . 2529 . 2948 . 32904 | . 3408 . 3526 
.75 2290 . 2679 . 3065 .3413 . 3566 . 3684 
80 . 2804 .3179 3590 . 3692 —_ 
81 - 3756 
. 84 2574 2999 . 3684 . 3939 | 3990 
89 | 2946 3381 4134 4291 | 4344 
96 | 3453 ‘ 4469 .4588 .4670 
SSD } 5576 6471 .6212 . 5800 
SSDO .6146 .6726 .6306 .6156 
Key: SSD = Water content of granular sample in saturated, surface-dry condition for sample that had 
been dried and resaturated. 
SSDO Water content of granular sample that was brought to saturated condition without pre- 


liminary drying. 


TABLE A-21—ADSORPTION DATA FOR REF. 9-10, CEMENT 15013) 


w/e (by wt.): Original 0.326; after bleeding 0.324 


Wn non-evaporable water; p/pe = about 24x10 
we = total water 
(We evaporable water can be obtained from the relationship we = wi — wn) 


Total Water, w:, Retained at Relative Vapor Pressure 








p/pe and Age Indicated, g/g cement 
7 days 14 days 28 days 56 days 90 days 180 days 

Wr . 1488 . 1639 1711 . 1802 .1913 .1877 
.089 .1748 . 1909 . 2028 .2147 } - 

.09 . — . 2260 . 2299 
.20 . 1859 . 2042 .2161 . 2409 . 2426 
.36 2001 . 2186 . 2324 . 2586 2615 
AT 2110 . 2304 2472 . 2760 . 2763 
61 . 2287 2465 . 2634 .2912 . 2907 
.69 . 2386 . 2604 . 2761 8015 .2917 
75 . 2509 .2705 . 2843 .3100 . 3058 
80 .2541 . 2680 . 2857 = 

81 - .3135 .3103 
34 . 2653 . 2863 . 3004 3212 3151 
89 272% . 2997 3114 . 3342 . 3307 
06 3019 .3110 .3228 3417 3418 
SSD 3745 3831 . 3781 . 3873 . 3784 
SSDO 3745 3831 . 3914 4018 --- 

Key: SSD Water content of granular sample in saturated, surface-dry condition for sample that had 
been dried and resaturated. 
SSDO Water content of granular sample that was brought to saturated condition without pre- 


liminary drying. 





a oe 





324 


JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 





November 1946 


TABLE A-22—ADSORPTION DATA FOR REF. 9-11, CEMENT 15013) 


w/e (by wt.): Original 0.459; after bleeding 0.443 
Wn = non-evaporable water; p/p.s = about 24x104 
wt = total water 

(we = evaporable water can be obtained from the relationship we = wi — wn») 





Total Water, w:, Retained at Relative Vapor Pressure 
and Age Indicated, g/g cement 








P/Ps 

7 days 
.089 . 1830 
.09 =e 
.20 . 1932 
. 36 . 2079 
47 .2190 
61 . 2369 
.69 . 2447 
75 . 2578 
.80 .2614 
81 -- 
BA . 2788 
89 . 2991 
96 .3247 
SSD 4435 
SSDO 4793 

Key: 














14 days 28 days 56 days 90 days 
. 1828 .1770 . 2085 . 2152 
2143 2131 . 

— . 2460 . 2530 

. 2269 . 2272 . 2604 . 2005 
. 2434 2455 . 2343 . 2940 
. 2572 . 2626 8017 .312 
2814 . 2822 .38212 . 3306 
2911 . 2085 3363 3426 
. 3026 .3129 3518 3555 
. 3051 - 

_- ~ 3557 . 3649 
. 3228 3316 . 3690 . 3763 
SABI . 3690 .3927 4034 
. 3698 . 3933 4115 4265 
4831 5248 5298 5643 
.5137 5419 -- 











180 days 
. 2356 


2761 
2933 
3179 
4372 
3572 
. 5660 
3797 


3908 
3058 
4127 
147 


5705 





SSD = Water content of granular sample in saturated, surface-dry condition for sample that hap 
been dried and resaturated. 

SSDO = Water content of granular sample that was brought to saturated condition without pre- 
liminary drying. 


TABLE A-23—ADSORPTION DATA FOR REF. 9-12, CEMENT 15013) 
w/e (by wt.): Original 0.635; after bleeding 0.611 
Wn = non-evaporable water; p/p. = about 24x10 
wi = total water 





P/Pe 

7 days 
Wr . 1583 
089 1841 
.09 - 
.20 .1941 
6 2063 
47 . 2176 
61 . 2345 
69 2432 
75 . 2584 
80 - 
81 - 
BA . 2792 
89 3015 
06 3244 
SSD 5148 
SSDO 5743 

Key: 











(we = evaporable water can be obtained from the relationship we we 


Total Water, w:, Retained at Relative Vapor Pressure 
and Age Indicated, g/g cement 








14 days 28 days 56 days 90 days 
1828 2028 2208 | 2357 
.2129 . 2368 
2582 2778 
2238 2502 2737 2037 
2395 2663 2971 3173 
2532 2850 S151 3372 
2747 38075 3396 3579 
2848 3232 3578 3747 
3003 3395 3731 3046 
2034 
- “ 3706 41029 
8220 3576 3074 4191 
3507 3995 4296 4557 
3763 4244 4563 4930 
DAVT 5798 6136 .7162 
6200 6438 
| 





Wn) 


| 
180 days 


2447 


28556 
3029 
$272 
3460 
. 4690 
3541 
3083 


4166 
.4221 
4468 
5102 
6707 





SSD = Water content of granular sample in saturated, surface-dry condition for sample that had 
been dried and resaturated, 

SSDO @ Water content of granular sample that was brought to saturated condition without pre 
liminary drying. 








Ss 


Key: 
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TABLE A-24—ADSORPTION DATA FOR REF. 9-13, CEMENT 15365 


w/c (by wt.): Original 0.326; after bleeding 0.319 


Wn non-evaporable water; p/pe = about 24x104 
we total water 
(We evaporable water can be obtained from the relationship we = wi — wna) 
Total Water, w:, Retained at Relative Vapor Pressure 
p/De and Age Indicated, g/g cement 
7 days 14 days 28 days | 56 days 90 days 180 days 
Wn 1326 1515 . 1488 1786 .1789 .1815 
09 1506 . 1803 . 1803 . 2133 . 2133 . 2168 
.20 1681 1903 . 1933 2275 . 2269 . 2311 
36 . 1800 2043 . 2106 2461 . 2460 . 2495 
47 1925 .2181 2242 2574 . 2591 . 2608 
61 2052 2313 2414 2725 . 2734 . 2740 
69 2134 . 2434 . 2489 . 2796 . 2824 , 2870 
75 . 2244 2541 2571 . 2808 . 2026 2922 
81 2319 . 2625 2649 . 2062 . 2973 . 2992 
moo 2391 2688 2783 3017 | . 3026 . 3078 
BY 2662 2907 . 2938 .3190 3184 .3173 
06 . 2906 .3123 3036 . 3367 3341 3344 
SSD 3570 3669 . 3639 3847 3702 . 3791 
SSDO B42 | = 
{ 
Key: SSD = Water content of granular sample in saturated, surface-dry condition for sample that had 
been dried and resaturated. 
SSDO Water content of granular sample that was brought to saturated condition without pre- 


liminary drying. 


TABLE A-25—ADSORPTION DATA FOR REF. 254-9-14, CEMENT 15365 


w/e (by wt.): Original 0.459; after bleeding 0.439 


Wr non-evaporable water; p/pe = about 24x10 
we total water 
(We evaporable water can be obtained from the relationship we = wi Wn) 
| : : 
| Total Water, uw:, Retained at Relative Vapor Pressure 
p/pe and Age Indicated, g/g cement 
, . oon ame | s 
7 days 14 days 28 days | 56 days 90 days 180 days 
Wn 1304 1711 1841 2105 2150 . 2224 
09 1665 2031 . 22350 2502 . 2571 . 2651 
20 1758 2142 . 2377 2655 2730 2819 
a6 . 1803 2315 2509 2880 2062 3SO8S 
A7 2000 . 2470 . 2757 . 8062 8165 8250 
61 } 2138 2619 2061 . 3257 3346 3460 
69 . 2237 2767 $102 3366 8512 . 5626 
75 2343 2804 3256 S518 . 3638 , 3609 
81 2410 3OO8 $322 3621 3717 . 3830 
84 .2512 3104 3476 S681 3791 3925 
80 2828 3300 3761 S968 4044 4004 
06 3008 . 3646 3066 4188 4288 1420 
SSD 4182 4724 5034 5133 5113 5344 
SSDO .4877 | 
Key: SSD Water content of granular sample in saturated, surface-dry condition for sample that had 
been dried and resaturated, 
SSDO = Water content of granular sample that was brought to saturated condition without pre- 


liminary drying. 
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TABLE A-26—ADSORPTION DATA FOR REF. 254-9-15, CEMENT 15365 


w/e (by wt.): Original 0.610; after bleeding 0.587 
Wn = non-evaporable water; p/p. = about 24x10 
wi ~ total water 





(we @ evaporable water can be obtained from the relationship we we Wn) 
Total Water, wi, Retained at Relative Vapor Pressure 
p/Pe and Age Indicated, «/ cement 
7 days 14 days 28 days 56 days 00 days 180 days 

Wn . 1530 1855 2102 2213 . 2206 246 
00 . 1820 2104 2405 2053 | 2741 2007 
.20 1922 2421 2046 2820 . 2018 $139 
56 2063 2406 2872 .d082 | s176 S406 
AZT 2162 | 2636 3030 S249 $357 s60u 
61 . 2208 | 2810 4262 JAM SO11 $821 

ov | 2805 . 2037 3482 so4l 3783 1056 
75 , 2531 5108 BHAI 4767 S010 4175 
‘81 ‘2578 3139 3637 3808 4074 1347 
M4 | 2716 | . 5306 8773 4177 M4 
a0 5060 . 3706 4107 4228 1461 O81 

Mh _ 5A8D 4130 4587 4800 5104 5318 
SSD 5157 5804 6272 6400 “old (037 
SSDO 5707 60351 

Key: SSD ~ Water content of granular sample in saturated, surface-dry condition for sample that had 


been dried and resaturated, 


SSDO = Water content of granular sample that was brought to saturated condition without pre- 


liminary drying. 


TABLE A-27—ADSORPTION DATA FOR REF. 254-9-15A, CEMENT 15365 


p/Pe 


LD 


SSD 
SSDO 


Key: 


w/e (by wt): Original 0.246; after bleeding 0.244 
wna = non-evaporable water; p/pe @ about 24x104 
um = total waer 











(we = evaporable water can be obtained from the relationship w. we Wn) 
Total Water, wi, Retained at Relative Vapor Pressure 
and Age Indicated, @/e cement 
| 270 days 
7 days 14 days 25 days 56 days 00 days 180 daya 
| | \ | ih 
1152 1259 . 1458 1306 1452 | 1554 1001 1722 
| 110 1018 
. 1480 1501 11 16584 1741 | 1856 | 
| | 2000 | 1000 
1465 1001 1700 1786 Iss7 | 1956 | 
| 2053 | 2064 
2111 | = 2016 
.1572 1714 1830 1901 1067 2000 2150 | 2182 
1658 Isl] .1043 2002 20061 | 2177 | 
2275 2277 
1763 1018 20354 2123 2182 2206 | | 
146 .10034 2116 2211 2240 2455 
“ 2507 2402 
1088 2133 2217 2250 2406 | | 2300 
. 2021 2146 2250 2424 2580 2400 200 | 2504 
2116 2254 2405 2412 | 2480 
2582 | 2688 
2034 26109 
2417 2414 2487 2426 2500 | 
2508 2500 2613 2504 2000 | | .2775 | .2771 
s004 2045 ,d026 2060 2000 200 | 4024 
4128 4076 | | 














SSD = Water content of granular sample in saturated, surface-<dry condition for sample that 
had been dried and resaturated 
SSDO = Water content of granular sample that was brought to saturated condition without pre 
liminary drying, 
A and I refer to separate rounds 
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TABLE A-29—YOUNG'S MODULUS OF MORTARS USED IN SERIES 254-9 





——__.., 























Young’s Modulus at Age Indicated* 
Cement w/c at millions of lb/in? 
No. 2 hrs. ; 
(wt. basis) 7 days 14 days | 28 days 56 days 90 days 180 days 

14030J 309 4.47 4.98 | 5.45 5.5 | 5.75 | 

.424 3.67 4.30 4.85 5.14 5.36 

.573 2.57 3.34 4.13 4.71 | 4.87 
15007J .316 5.18 5.35 5.58 5.54 5.48 

.433 4.65 4.85 5.08 5.14 5.35 

.570 4.23 4.50 4.92 5.03 5.08 
150113 .316 5.10 5.45 5.62 5.76 5.88 

.432 4.55 4.85 5.20 5.30 5.42 

.582 4.13 4.48 4.83 4.89 5.00 
15013J 324 5.05 | 5.17 5.30 5.40 5.47 

.443 4.37 | 4.68 4.85 | (a) (a) 

.611 3.78 3.97 4.36 | 4.45 4.50 
15365 .319 5.30 5.42 5.58 5.78 5.78 

.439 4.64 5.27 5.03 5.18 5.40 

. 587 4.40 4.81 4.96 5.03 5.03 











*Values are for a single prism. 


(a) Prism broken. 





TABLE A-30—UNIT ABSOLUTE VOLUME COMPOSITION OF THE 
MORTARS USED IN SERIES 254-11 























Unit Absolute Volume Composition 
Cement Ref. (See at 2 hours w/c at 
No. No. page 317) 2 hours, 
Cement Silica Air | Water (wt. basis) 
|— chil 
15758 11-1 A | 2395 .4660 | 0437 | 2526 .334 
11-2 B i 2m 5398 | .0382 | 2506 | .460 
| } | | 
15756 11-3 A | .2448 | .4898 =| # .0288 | .2551 | .318 
11-4 B 1781 | [5604 | 0087 2525 | 1446 
15763 11-5 A 2434 .4827 | .0237 | 2508 | .324 
11-6 B 1741 .5562 | .0245 | 2458 .437 
| | 
15761 11-7 A Notel | — — _ 334 
11-8 B fan _ —~ — 468 
15754 11-9 A 2409 | .4746 | 0315 | .2540 328 
11-10 B ; ce 5484 | .0271 | 2526 449 
16213 11-11 B | .177 5592 0135 | .2497 | .443 
16214 11-12 B | .1766 5580 0131 | 2522 | .448 
16198 11-13 B 1745 5621 0121 2512 | .443 
15669 11-14 B | .27gs 5579 =| .0157 2538 | 451 
15495 11-15 B 1764 .5488 | .0302 2445 | .442 
15497 11-16 B | "1731 "5453 0266 2549 | 464 
} | 





Note 1: The specimens with Cement 15761, expanded in the molds and hence it was impossible to obtain 
satisfactory data for calculating the composition. 


See p. 333 for description of specimens. 
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TABLE A-31—ANALYSES OF GRANULAR SAMPLES USED FOR ADSORPTION 
AND NON-EVAPORABLE WATER MEASUREMENTS IN SERIES 254-11 


| 


Cement-, Silica-, and Non-Evaporable Water- 
Content of 35-100-Mesh Samples 
at Age Indicated, g/g dry weight 








Cement | w/c at _ 
No. 2 hrs. 28 days | 90 days 


|(wt. basis) |— “| 














| Cement | Silica Non-Evap. Cement Silica Non-Evap. 
| Water | , Water 
a enn leaee — | | 
15758 | .334 | .783 .084 .134 .773 079 .148 
.460 598 . 284 117 607 | 258 135 
15756 | .318 788 115 .097 .776 108 116 
446 616 . 302 082 .617 .279 .104 
15763 324 834 089 .077 .788 .107 105 
.437 647 . 288 065 169 . 289 092 
15761 334 802 068 .130 .798 .059 144 
468 630 253 117 611 . 260 .130 
1575 328 .767 102 131 .760— | .091 148 
449 591 293 116 588 .277 135 
16213 443 5834 1084 
16214 448 5864 . 1006 
16198 443 .6160 0675 
15669 | .451 6287 .0736 
15495 (1)|  .442 5422 0705 | 
15497 (1) 464 .5560 .1016 } | 





(1) Age 6 days. 
See p. 333 for description of specimens. 


TABLE A-32—FLEXURAL STRENGTH AND YOUNG'S MODULUS OF ELASTICITY 
OF MORTARS MADE WITH SPECIAL CEMENTS FOR THE BASIC-RESEARCH 
PROGRAM-—SERIES 254-11 




















Flexural Strength at Age } Young’s Modulus at Age 
Cement w/e at Indicated Indicated 
No. 2 hrs. lb /in? millions of lb /in? 
(wt. a —_—— = — |—— 
basis) 28 days 90 days 28 days 90 days 

15758 334 1395 1275 6.0 6.1 

.460 1090 970 5.5 5.4 
15756 .318 1170 1295 5.8 6.4 

446 915 1010 5.1 5.6 
15763 324 1035 1345 5.4 6.0 

.437 765 1115 4.7 5 
15761 . 334 1145 980 5.6 5.7 

468 1015 | 790 5.2 5.3 
15754 .328 1275 1210 6.0 6.5 

.449 1035 945 5.4 | 5.7 





Flexural strength is the average of results for two prisms. 
oung’s modulus was calculated from the resonance frequency of vibration found by the electrodynamic 
method. The values for 28 days are the average of results for 12 prisms; those at 90 days, the average for 2 
risms. 
e p. 333 for description of specimens. 
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Unit Absolute Volume Composition 




















TABLE A-34—UNIT ABSOLUTE VOLUME COMPOSITION OF THE 


w/e at 
2 hours 


(wt. basis) 


494 
493 
.489 
491 


186 
.488 
188 
192 


.470 
474 
473 
480 


198 
199 
.499 
.498 


.488 

187 
.493 
491 


Composition of 35-100-Mesh 
Samples, g/g dry weight 














| 


} 


Silica 


.370 
.371 
.372 
. 374 


371 
.370 
. 370 
.372 


. 383 
. 383 
. 383 
. 384 
.373 
. 374 
.374 
. 376 


1 
3 
2 
5 


Naas 


BWAKnw 





Water 
111 
.110 

108 
102 


| | 
Clinker Ref. at 2 hours 
No. No | ane 
Cement | Silica | Air | 
15367* | 13-1 2853 | 24a | 201 
13-2 . 2870 2458 0147 
| 13-3 2009 =| 12492 | 0045 
13-4 . 2879 2466 | 0133 
15367** | 13-1B |  .2828 2422 | 0362 
13-2B _ 2828 2422 0297 
| 13-3B 2822 2417 .0358 
| 134B | .2849 2441 0240 
| 
15623 13-5 2931 2529 0053 
13-6 | /2919 '2519 “0058 
13-7 _ 2920 . 2520 ‘0063 
| 13-8 _ 2898 2501 0073 
4 15699 | 13-9 .2827 2436 0204 
q 13-10 . 2824 . 2433 .0219 
; 13-11 .2816 2427 0232 
? 13-12 2796 -2410 | 0297 
1498 «=C |: |Cos-a,—iéd|:—Cté«iczsss SC} SCticttaa S| S200 
| 13-14 | .@909 | 2462 0154 
4 | 13-15 | .2905 | 12458 —s| 0114 
| 13-16 | . 2909 2462 | 0124 | 
*First round of measurements. ; 
**Second round of measurements. 
7 
TABLE A-35—ANALYSES OF THE GRANULAR SAMPLES USED FOR ADSORP.- 
TION AND NON-EVAPORABLE WATER MEASUREMENTS IN SERIES 254-13 
Clinker Ref. Wt. % | w/c at 
No. No. SOs; 2 hrs. a 
| (wt. basis) Cement | 
a | — —— 
15367* 13-1 1.5 0.493 518 
13-2 1.9 0.493 519 
13-3 24 | 0.4389 520 
13-4 3.5 0.491 524 
15367** 13-1B 1.5 0.486 519 
13-2B_ SC 1.9 0.488 518 
13-3B- | 2.4 0.488 518 
134B | 3.5 a. a 521 
| | | 
15623 13-5 1.5 0.470 536 
13-6 2.0 0.474 536 
i. 13-7 2.5 0.473 536 
z 13-8 3.5 0.480 538 
is 
15699 13-9 | 1.5 0.498 | 523 
13-10 2.0 | 0.499 524 
13-11 2.5 0.499 525 
13-12 | 3.5 | 0.498 | 527 
15498 13-13 | 1.5 | 0.488 ~—C| 521 
13-14 2.0 0.487 523 
13-15 | 2.5 0.493 523 
13-16 | 3.5 0.491 525 








*First round of measurements. 


**Second round of measurements. 
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Description of specimens made in series 254-11 

Mortar Specimens: Cubes, 2 in. 

Cements: See Tables A-1 to A-3. 

Pulverized Silica: Lot 15918. Specific surface (Wagner), 6000 cm?/cm‘. 

Batches: Same as Mixes A and B of Series 254-9. 

Mixing: Each batch was mixed 30 sec. dry, 114 min. wet, allowed to rest 3 min., 
and then mixed 2 min. more in a small, power-driven, open-tub mixer. Batches re- 
mixed 30 sec. after slump test. 

Slump Test: As in Series 254-8. 

Molding: As for cubes in Series 254-9, except 15 per batch. 

Measurements: As in Series 254-8. 

Drying: As in Series 254-8. 

Composition of Hardened Specimens: Computed as in Series 254-8. See Table A-30. 

Chemical Analyses of Dried Granular Samples: See Table A-31. Determinations 
by same procedure as in Series 254-9. 

Compressive Strength: See Table 6-1, Part 6. 

Flexural Strength and Modulus of Elasticity: From prisms made from same ma- 
terials in same proportions as in Series 290. See Table A-32. 

Adsorption Data: See Table A-33. 


Description of specimens made in series 254-13 


Specimens; 2-in. cubes made of cement-silica pastes. 

Cements: See Tables A-1 to A-3. Cements were prepared in the laboratory mill from 
plant-made clinkers. Three grinds of each clinker were made, one with no added 
gypsum, one with enough added gypsum to give a total SO; content of about 2.4 per- 
cent, and one with enough to give about 5 percent SO;. Blends were made to give 
cements having 1.5, 2.0, 2.5, and 3.5 percent SO; and specific surface area (Wagner) of 
1800 cm?/g. 

Pulverized Silica: Lot 15918. Specific surface area (Wagner), 6000 cm?/cm!'. 

Weight Proportions: Cement: pulverized silica: water = 1.0 : 0.714 : 0.5. 

Mixing: Each batch was mixed with a kitchen-type mixer 2 min., allowed to rest 3 
min., and then mixed 2 min. more. Mixing water was cooled before use to give batch 
temperature of 73 + 2 F after mixing. 

Molding: ‘Three cubes were molded from each batch. 

Measurements: As in Series 254-8. 

Curing: In water at 73 F. Curing water replaced with fresh water after first 24 hr., 
twice weekly thereafter. 

Drying: As in Series 254-8. 

Composition of Hardened Specimens: See Table A-34. 

Analyses of Granular Samples: See Table A-35. 

Compressive Strengths: See Table 6-7, Part 6. 

Adsorption Data: See Table A-36. 


Series 254-16 


The specimens of this series were prepared for the heat of adsorption studies described 
in Part 4. 

Cements: The cements used were 16186 and 16189, which were prepared from two 
of the groups of cements described in Series 254-11. No. 16186 was a blend of two ce- 
ments prepared from clinker 15367, the blend having a specific surface area of 3200 
em?/g by the permeability method. No. 16189 had the same specific surface area, being 
a blend of cements prepared from clinker 15623. The clinkers were of Type I and Type 
II compositions, respectively. 
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Specimens: ‘The specimens were 1!4x3-in. neat cement cylinders, nominal w/c = 
0.50 by weight. The pastes were mixed with a kitchen-type mixer, following the 2-3-2 
schedule described for earlier series. The specimens were cured continuously in water 
until they were used. 

Results of Experiments: Experimental procedures and the results are given in Part 4 
of the text. 


Series 254-18 


This series comprises several experiments using the high-vacuum adsorption appara- 
tus. 

Cements: The cements used were 13495, 13723-1Q, 14675, and 15365. These are 
cements of about average Type I composition. 

Specimens: The original specimens were neat-cement pastes. As explained in the 
text, the samples made with cements 15365 and 13723-1Q were granules prepared 
previously for Series 254-9 (Ref. 15A, age 180 days) and 254-K4B (Ref. 1Q), respectively. 
The original specimens from which granular samples were taken were 2-in. cubes. 

The specimen made with cement 13495 was a slab, cast on edge, about 0.25 cm thick 
and 10 cm square. The paste was mixed with a kitchen-type mixer, 2 min. mixing, 3 
min. rest, followed by 2 more min. of mixing, w/c = 0.5 by weight. The mold was 
stored under water immediately after casting. When the paste was 1 day old, the 
square was cut into 1x10x0.25 cm slabs and these were stored in sealed bottles contain- 
ing water-saturated cotton. After 7 years and 116 days of such storage, one of the 
1x10x0.25 slabs was ground on a plate-glass surface with water and powdered emery 
until the thickness was reduced to an average of about 0.3 mm. This thin slab was used 
for adsorption measurements. 

The specimen made with cement 14675 was a cylinder about 3 em in diameter by 4 em 
high. The original water-cement ratio was 0.12 by weight. The cement was mixed 
with the water by kneading with a stiff spatula on a steel plate. The moist mix was then 
loosely packed into a steel mold. By means of a close-fitting plunger and hydraulic 
press, the sample was compacted. The applied pressure was 24,000 lb/in*, which was 
just enough to bring water to the surface of the specimen. A cross-section of the speci- 
men at time of test was free of visible voids. 

The cylinder was removed from the mold immediately after casting and then cured 
continuously under water in a covered can. It was 4 years 29 days old when used for 
these experiments. 

The sample for adsorption measurements was obtained by sawing out a thin slab 
parallel to the vertical axis of the cylinder and grinding it to a thickness of about 0.3 
mm as described above. The sample used actually comprised two such slabs, each about 
1.2 x 3.8 x 0.03 cm. 

Test Results. All the experimental data are given in the text. 
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Job Problems and Practice 


In JPP many Members may participate in few pages. So, if you have 
a question, ask it. If an answer is of likely general interest, it will be 
briefed here (with authorship credit unless the contributor prefers not). 
But don’t wait for a question. If you know of a concrete problem solved 
—in field, laboratory, factory, or office—or if you are moved to con- 
structive comment or criticism, obey the impulse; jot it down for JPP. 
Remember these pages are for informal and sometimes tentative frag- 
ments—not the ‘‘copper- riveted” conclusiveness of formal treatises. 

““Answers’’ to questions do not carry ACI authority; they represent the 
efforts of Members to add their bits to the sum of ACI Maateat knowledge 
of concrete ‘‘know-how.”” 


The Design of Rectangular Tied Columns Subject to Bending (43-176)* 
By F. E. RICHARTT 


The solution shown by Professor Dell* can be obtained, directly, with- 
out use of the “unit strip’? method. Using the same conditions of load 
and working stresses, and further following his initial assumption of a 
depth of 36 in., steel percentage of .01 and his distribution of the steel 
with 5% of it in outer layers and %% at sides of column, the procedure is 
simple. 

Following Building Regulations for Reinforced Concrete (ACI 318-41) 
(see Equation 28), design the member as an axially loaded column carry- 
ing a load P, where 


p = 400 (1 +22) 


From Sec. 1110, (ACI 318-41), C = .18f'. + 12800 p 


‘A5f’. [1 + (n—1) p] 





De ec t? 

‘t oR® 2R? 

(See ACI Reinforced Concrete Design Handbook, Table 33. R = radius 
of gyration, transformed section.) 


1  1y5 z: eee 
D = “ ) 4 = 5.7, for the steel distribution assumed. 
6 + 32 (n—l)g’ p 


*See p. 89, ACI Journat, Sept. 1946, Proc. v. 43. 
tResearch Professor of Engineering Materials, Univ. of Illinois, Urbana, II. 
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Sa 
t 12 
A476 5. ' 
P = 400 (: PRB 7) = 490.4 kips = A, (.18f’. + 12800 p) 
A, = 1003 sq.in. b= ae = 27.9 in. Use 28 in. 
ov 
A, = 10.03 sq. in. required. 


Cleanouts for Forms (43-178) 
By CHARLES MACKLIN* 


Final cleaning of concrete cannot be done until the forms are com- 
pleted. Depressed keys and low spots would be difficult to clean even if 
they were accessible, but in much of the form work they are inaccessible. 
The contractor and the inspector usually have different views on what 
is clean concrete. Holes are sometimes cut in the forms and a limited 
area may be reached or the debris flushed to another place. 

A detail has been used with success and is shown in the accompanying 
isometric sketch (Fig. 1). The essential part of this detail is to construct 
a trough which will drain the depressed key and not be obstructed by 
the formwork. Nearly all of the debris, such as clay, sawdust, tobacco 
and lunch remains, can be flushed through this trough. 

Troughs may be spaced at intervals of 10 to 20 ft. and can be plugged 
before pouring concrete. They should be large enough to serve as a hand 


*Rural Route 6, Springfield, Ilinois. 
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WALL LINES ABOVE _ Fig. 1—Isometric sketch of 


A , saree trough detail. 


KEY 





hole and may be made from the same stock as the key. In plugging 
the trough opening under the forms a pressure of 10 psi is ample for 
holding the plug in position. 

The use of this trough is helpful in column forms and under slabs 
and its use not only facilitates cleaning but controls the discharge of 
flushing water. 


By R. F. BLANKS* 


This is a good suggestion for the improvement of construction joint 
clean up. We would like to add the precaution, however, that one of 
these outlets is needed at each end of the joint, close up to the bulkhead. 
In washing with hose or air-water jets, it is difficult to get much debris to 
flush out a hole along the run of the joint, but it is easy to flush it out 
through such a hole if it is at the end of the joint. 


Differences in Characteristics of Concrete in the Wet and the Dry State 
(43-179) 


By F. L. FITZPATRICKT 


Reinforced concrete design is based upon a number of assumptions 
that do not hold, in many cases, during the working life of concrete. 

There seems to be need for an exhaustive experimental investigation, 
over a range of concrete mixes, as to the physical characteristics when 
tested in various conditions from perfectly dry to fully saturated. 

It is broadly known that: 1) concrete expands substantially (and 
reversibly) by moisture absorption; 2) the strength (in tension and 
compression, and shear) falls off as the amount of absorbed moisture 
increases; 3) the modulus of elasticity becomes lower as the amount of 
absorbed moisture increases; 4) at the same time, bond resistance tends 


*Chief, Division of Engineering and Geological Control and Research, U. 8S. Bureau of Reclamation, 
Denver, Colo. ; 
tRocla Limited, Concrete Engineers, Melbourne, Australia. 
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to increase, in saturated as compared with dry concrete; 5) the elastic 
behavior, and the creep (or plastic flow) are different in the case of 


saturated or partly saturated concrete. 


Since no untreated concrete is impervious in the strict sense of the 
word, these fluctuations are common to all concrete, but in varying 
degrees. 


The basis of design for bond stresses is usually the shearing force. 
But whereas the actual shearing and diagonal tension values fall away 
as concrete becomes saturated, bond resistance increases. 


The respective safety factors are thereby affected. 


In our business, as manufacturers of reinforced concrete pipes for, 
among other purposes, carrying water under pressure, we have always 
observed a very marked difference in hydrostatic test performance 
between pipes tested in air dry state and similar pipes tested in saturated 
condition. These pipes are of very dense concrete (centrifugally spun 
using a dry mix and vibration) and typical particulars are shown in 
Table 1. 














TABLE 1 
Internal | Wall Circumferential Test Pressure psi on 
Diameter | Thickness reinforcement area which design is based 
Inches | Inches sq. in. per in. of length 
6 | 1 021 110 
12 1% 034 90 
18 1% 045 80 


Our experience has been: 1) pipes which ‘‘sweat’’ under pressure when 
tested in the dry state will usually become quite tight under the same 
hydrostatic pressure, if immersed for 4 or 5 hours or more in water; 
2) pre-immersion of the pipe in water thus will increase by a substantial 
amount the pressure required to rupture a reinforced pipe. It will 
reduce this pressure in the case of an unreinforced pipe. 


We used to take the view that the swelling, during immersion, of the 
concrete, caused a sort of pre-stressing to occur, accounting for the 
whole improvement, but are now inclined to believe that the superior 
performance of a reinforced concrete pipe immediately after immersion 
(when tested hydrostatically) is due in part to a substantial lowering 
of the modulus of elasticity. This enables the concrete to stretch sub- 
stantially, and so throws a greater stress upon the reinforcing steel 
(which in our case is usually arbitrarily figured on a stress of 16,000 psi at 
the test pressure—disregarding any load taken by the concrete, for the 
purpose of this calculation). 
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Failure of a reinforced concrete pipe under hydrostatic pressure occurs 
only when the tensile stress in the concrete of the pipe wall reaches the 
limiting value in tension of the concrete, and we base our designs always 
principally on this. 


Considering a typical actual case: 


Pipe internal diameter....... 15 in. 
* wll CRIGKROGS...5...... 11% in. 
“ reinforcement area.......05 sq. in. per in. of length of pipe 


Modulus of elasticity of concrete in dry condition—Approx. 5,000,000 psi. 

Such a pipe normally performs under test approximately as follows, 
when hydrostatically tested to rupture, at age of 28 days: a) in air dry 
state—bursting pressure 90 to 100 psi; b) in pre-saturated state—burst- 
ing pressure 110 to 125 psi. 

Taking the amount of improved pressure resistance as say 22 psi 
hydrostatic pressure, this is equivalent to increase in tension resistance 
in the pipe wall of 7.5 x 22 = 165 Ib. per 1 in. 

We know however that the tensile strength of concrete falls off by at 
least 20 percent when saturated, hence other phenomena of importance 
come into the matter. 

Figures in Table 2 can be deduced (expressed in terms per 1 in. length 
of pipe—where length is relevant), re the above-mentioned 15 in. pipe. 











TABLE 2 
In Dry State | In Wet State when 
when Tested Tested 
(a) Tension in wall at rupture say. 95 X 7.5 = 712 Ib. 117 X 7.5 = 877 lb. 
() 1 Modulus of elastic ond Assumed as 
(Approx.). Pa 5,000,000 pai. 4,000,000 psi. 





(c) Combined Anéo (expres 7 as 

eT eee eer , 1.75 sq. in. 1.825 sq. in. 

(Area concrete +- (n—1) X Are a of 
reinforcement) 








(d) Tension in wall at Rupture. nis 410 psi (Approx.) 480 psi (Approx. ) 
Combined Area 











(e) Loss in value (20 percent) of the — — 
section in tension due to lower ten- 2 4 10 = 123 lb. 
sile value of concrete when saturated o 

(f) Improvement in tension value vy (877 — 712) + 123 
the section (due to saturation)— » 288 lb. per 
gross, taking (e) into consideration per 1 in. length 


What has produced this 288 lb. (per 1 in. length) improvement in the 
resistance of the wall section to tension? 
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To produce such an improvement by the tensioning of reinforcement 
due to swelling of concrete would require a prestress in the reinforcement 


288 


of “05 = 5760 psi; also to be considered is the fact that due to drying 


shrinkage, there may have been a pre-compression in the reinforcement, 
in the dry state. 

Undoubtedly the change in the modulus of elasticity, due to satura- 
tion also permits a greater elongation before fracture, so making the 
reinforcement take a higher share of the load—apart from any pre- 
stressing effect. 


However, we feel that we do not thoroughly understand precisely 
what takes place. 

Are we to design a concrete with a high absorption and hence a maxi- 
mum swelling? Otherwise, the denser the concrete, the less the swelling, 
and the higher the modulus of elasticity—factors tending to low test 
performance, and partly at least offsetting the higher tensile strength of 
the concrete. 

We do believe that a sound explanation of this is desirable in order 
to approach properly the design of any reinforced concrete structures 
likely to work in conditions where concrete becomes saturated at any 
time. 


Most published tests on permeability do not cover cases where the 
material under test is under tension during application of the pressure 


in our view they have therefore a very formidable difference from prac- 
tice. 


We should appreciate any comment by those who may have investi- 
gated or studied the intricacies of concrete behaviour under stresses, 
while in varying states as to moisture content. 
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Current Reviews 


of Significant Contributions in Foreign and Domestic Publications, 
prepared by the Institute's Reviewers 


Beams in prestressed reinforced concrete—Il 
P. W. Apeves, Concrete and Constructional Engineering, V. 41, No. 7, (July 1946) pp. 191-199 
Reviewed by GLENN Murpny 
In this second installment of the series the author discusses the behavior of cracked 
prestressed concrete and the safety against cracking. Some of the more recent techni- 
ques for producing precast units are described and formulas given for design of fully and 
partially prestressed rectangular beams. 


Some developments in design theories 
Concrete and Constructional Engineering, V. 41, No. 7 (July 1946) pp. 181-183 
Reviewed by GLenn Murpuy 

This article presents a condensation of the development of plastic theories for the 
design of reinforced concrete. The article lists the assumptions and principal results 
involved in the theories developed by Professor van Langendonck in Brazil, Professor 
Steuermann in Moscow, Professor V. M. Kelduish in Moscow, Dr. R. H. Evans in 
England, and by the Swiss Federal Laboratory. 


Setting and disintegration of cements 


G. Barra. Bull. Soc. Chim. Belg., 1944, V. 53, pp. 1-2! 


1- Am. Ceram. Soc. Abs., 1945, V. 24 (8) p. 139. 
Building Science Abstracts, V. X VIII (New Series) No. 


g, August 1945 Higuway Researcu ApsTRacts 

The behaviour of portland cement and sulfate-rich cement (essentially blast furnace 
slag and gypsum) was investigated before and after setting under the action of aggressive 
waters containing chlorides and/or sulfates. Sulfate-rich cements behaved well in 
gypsum-containing water but this is considered to arise from the formation of a pro- 
tective film consisting mainly of calcium carbonate rather than to any inherent re- 
sistivity. Portland cements disintegrated principally on account of the action of the 
free lime content. Sulfate-aluminate formation under the action of sulfate could not be 
established in the sulfate-rich cement. A classification of cements is suggested on the 
basis of a determination of the index H which is defined as lime in solution, or lime 
Having reacted, divided by total lime. 


Greater strength, hardness and durability for concrete 


T. C. Creaauan, Building Science Abstracts, V. X VIII (New Series) No. 8 August 1945, Engineering and 
Contract Rec., 1945, V. 58 (4), p. 66 Hicguway Resaercu ApsTRacts 


Evidence is given to show that the use of the vacuum-concrete process for removing 
the excess water from concrete leads to the attainment of the following desirable aims 
of the concrete designer: (1) high compressive and tensile strengths, (2) low shrinkage, 
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(3) minimum disturbance of initial set, (4) high density (increased density of 5 to 10 
percent), (5) resistance to freezing and thawing (average vacuum treated concrete will 
withstand 300-400 cycles), (6) good bond to old concrete in case of repairs (the new 
concrete being hardened under pressure is squeezed into the interstices of the old), (7) 
quick set (using high early strength cement and calcium chloride addition a 2000 Ib, 
per sq. concrete can be made in 5 hours), (8) good steel bond (due to the pressure of 12.5 
Ib. per sq. in. exerted during compaction). It is stated that with the vacuum process, a 
4-in. thick wall several feet high may have the forms stripped and bear a 200 Ib. weight 
15 minutes after pouring. 


The proposed code for reinforced concrete of the ministry of works 
Concrete and Conatructional Engineering, V. 41, No. 7, (July 1946), p. 187 


Reviewed by GLENN Munpuy 
Notice is given that the proposed Code of Practice, ‘“The Structural Use of Normal 
Reinforced Concrete in Buildings,’”’ has been circulated by the Ministry of Works for 
comment. A number of the recommendations are the same as those in the London 
County Council By-laws, while others are somewhat different. For example, the ratio 
of coarse aggregate to fine aggregate is restricted to the limits of 114 to 2. Only one 
grade of cement is recognized and three mixtures (1:1:2, 1:114:3, and 1:2:4 with water 
cement ratios of 0.43, 0.51, and 0.58) with 28 days’ strengths of 4500, 3750, and 3000 psi 
are specified. Permissible stresses in flexure are 1500, 1250, and 1000 psi. Allowable 
stresses in shear are 130, 115, and 100 psi. Allowable tensile stresses in steel vary from 
18,000 psi to 27,000 psi. An increase in the allowable stresses of 10 percent is per- 
missible when the concrete is placed by vibration. The water cement ratios for the 
vibrated concrete are reduced 20 percent. 


On the construction of concrete roads and runways 
K. Nonser: Schweiz-Bauztg, 1946, V. 127 (3), p. 31. Road Abstracts, v. XIII, No. 7, July 2, 1046. 


Hicuway Reseancu Ausrracrs 
Experience in the construction of concrete roads, and examination of Swiss roads 
which have already been in use for some years, lead to the following conclusions. An 
overall increase of slab thickness, augmented by doweling, is the most practical method of 
providing for the higher loads at slab edges. The sill joint recommended by P. Soutter 
and EF, Buhlmann on mainly theoretical grounds has practical drawbacks; the sills tend 
to be forced into the sub-base, which leads to cracking in the adjacent slabs, and the 
construction of sills presents difficulties. Most longitudinal cracking seems to be due 
to the lack of a longitudinal joint or, in the case of a road with a longitudinal joint, to 
staggering of the transverse joints on either side of it. Expansion joints should be used 
as sparingly as possible, except before and after pronounced curves. It is not con- 
sidered that concrete laid in more than one layer each having a different cement content 
has any practical drawbacks. As concrete slabs about 4 to 7 in. thick, laid on all types 
of subgrade, have proved satisfactory under heavy traffic, thicknesses of 7 to 9 in. 
should serve for modern airports. 


Durability and void characteristics of concretes containing admixtures 
National Bureau of Standards Technical News Builetin, July, 1046 Hiauway Reawancn Anarnacts 


In 1938 an investigation was started at the Bureau to determine the effects pro- 
duced in both plastic and hardened concrete by the presence of small amounts of organic 
materials of the air-entraining type. These were added to the cement clinker prior to 
grinding. At that time the beneficial effects of air entrainment on the workability 
of plastic concrete and durability of mature concrete were becoming recognized, but 
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concepts concerning the optimum amount of air entrainment and the best methods o- 
control of air-entrained concrete were not well formulated. Neither was there agreef 
ment on whether the increase in durability was the result of the particular admixture 
used or of the entrained air regardless of its source. 

In order to clarify some of these points, each of six different admixtures was inter- 
ground in turn with two different clinkers, and two admixtures were added to ground 
plain cement at the time of mixing the concrete. Special properties of concrete made 
from these cements were studied by F, B. Hornibrook, Howard Freiberger, and Albert, 
Litvin. In a report of this work, prepared for publication in the Proceedings of the 
American Society for Testing Materials, they show that the air contents of concretes 
made with the different cements varied over a wide range. The cement contents, 
flexural strength, and durability factors as determined in freezing and thawing tests, 
also varied over a wide range. In general, the durability factors increased with air 
content of the concrete, regardless of the air-entraining agent. Amounts of air in 
excess of 6 to 8 percent tended to reduce the durability factor. 

The pore space in dried specimens was measured by an air-expansion volumenometer 
and was also calculated from the amount of water absorption. In many cases a larger 
pore space was indicated by the volumenometer method than by the absorption method, 
The permeability of dried specimens to air was likewise measured, but no significant 


difference in air permeability was found between plain concretes and air-entrained con- 


cretes. 


Chemical processes in the hardening of portland cement 


R. Hepin: Svenska Forskningsinstitutet for Cement och Betong vid Kungl Tekniska Hogskolan i 
Stockholm, Handlingar Nr. 3, Stockholm, 1945. Building Science Abstracts, V. X VIL (New Series) No 
10, October, 1045 Hiaguway Reseancn Aparracrs 


The investigations into the chemical effects of accelerators and retarders on the 
setting of portland cement described by Forsen in the Symposium on the Chemistry 
of Cements (Stockholm) 1938, have now been extended to include a very detailed study 
of the hardening of portland cement. The experiments and the data obtained are here 
recorded in full and the results discussed. The author’s conclusions are as follows: 
The cement minerals first dissolve in water unchanged in composition, those from a frozen 
“melt” being rather more soluble than the crystalline ones. Ionization takes place, 
and some hydrolysis so that free silicic acid and aluminum hydroxide exist in solution. 
The addition of gypsum changes the ionic concentrations and activities; at a sufficiently 
high aluminate-ion concentration the free silicic acid is coagulated and the aluminum 
hydroxide precipitated by the silicate ions. The calcium silicate concentration is thus 
kept very low so that solution is extremely rapid, the reaction being exothermic. The 
gels formed quickly enclose the cement grains, bringing the reaction to a stop after a 
relatively short time. An increased calcium-ion concentration (due to additions of 
specially proportioned clinker) will reduce the activity of the aluminate-ions so that the 
coagulation of the free silicic acid is inhibited, The silicates and aluminates then form 
less soluble hydrated compounds so that the solution becomes supersaturated with 
respect, to the hydrates but unsaturated relative to the anhydrous compounds. The re- 
action proceeds till the water is used up or the anhydrous compounds are completely 
hydrated, the silicate hydrate to a compound with a lime: silica ratio of 3:2 in saturated 
limewater or 2:1 in supersaturated limewater. The latter condition rapidly exists as 
the tri-calcium silicate gradually hydrates so that calcium hydroxide crystallizes out. 
It has been shown in this investigation that alite is very much more soluble in water than 
pure tricalcium silicate. The ferrites have a small solubility in water which is nearly 
zero if high lime and gypsum concentrations exist, so that their influence on the pre- 
ceding reactions is negligible. They are, however, gradually converted to ferric hydrox- 
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ide which may also envelop the cement grains and retard solution, or if present in very 
small amount, be converted to crystalline hydrated compounds of calcium and iron, 
The alkalis in portland cement being very soluble depress the concentration of the 
calcium ions so that silicic acid is coagulated even in the presence of excess free lime, 
With excess of gypsum, however, the calcium ion concentration is raised and coagula- 
tion does not occur. When a large excess of a very soluble calcium salt (CaCl) is added 
to portland cement, the pH value of the lime solution formed is reduced to about 11, 
The aluminate hydrates are then more easily soluble than the aluminum hydroxide, 
which crystallize out to bind the cement grains together, thus producing the so-called 
“flash” or false set. In the presence of borax, humus, sugar and other substances which 
form calcium salts with a low degree of association or insoluble calcium compounds, the 
calcium ion concentration in the solution is never high and hence coagulation of silicic 
acid is very marked, i.e. a quick set results. 


Measuring stresses and deformations in solid materials 


Nits Haat, Proceedings, No. 178, Royal Swedish Institute of Engineering Research, 1945 (in English) 
Reviewed by GLenn Murpny 


In this 164-page publication the author discusses the general problem of evaluating 
the stresses developed in the interior of solid bodies under external load. He describes 
the principal strain-measuring devices and various types of pressure cells and similar 
load-measuring apparatus, The distribution of stress in a compression specimen is 
discussed, and data are presented to show the weakening effect of a soft capping ma- 
terial such as paraffin or rubber. The author also discusses the distribution of stress 
around the aggregate in concrete, shrinkage stresses in concrete, and stress distribution 
in brick work, 

In discussing the recent developments in design technique the author states, ‘““Never- 
theless, the theories of computation alone are not sufficient to advance the development 
in building technique. Our knowledge of the materials is not yet thorough enough for 
that. Reliable initial bases must therefore be established by suitable tests of the ma- 
terials employed and these must be constantly maintained, From these bases theoreti- 
cal speculations as to computation can then be developed. This is of special importance 
as regards methods of construction which have not been previously tested in practice 

“Tf, for example, it is a matter of deciding what is a permissible load on a material ina 
structure, we proceed as a rule in such a way that minor testbodies of the same material 
are manufactured and loaded to rupture, But this is not sufficient. We must penetrate 
into the material and become acquainted with the internal distribution of stress and its 
variation in building materials which as a rule are very heterogeneous, how this distri- 
bution of stress changes with the load on the material, in other words, how the material 
behaves right up to rupture. It will be first by this means that we shall gain such 
knowledge of the material that safe premises can be laid down as the basis for com- 
puting the actual bearing capacity of a structure.”’ 

The author points out the fact that the experimental evaluation of the strains on 
the inside of a member requires the use of a device which is small, so that it will not 
interfere with the normal distribution of stress, and which will have no resistance to 
movement, If stresses are to be measured, the device, in addition to being small, must 
offer the same resistance to deformation as the material in which it is inserted, He 
discusses the uses and limitations of mechanical devices, electrical devices, photo- 
electric apparatus, carbon piles, magento-elastic equipment, piezo electric gages, the 
photoelastic method, and X-rays, and describes devices which he has developed, These 
include a deformation gage which has a gage length of 1 em. and a least count of 2 x 10, 

The distribution of stress across the end of a concrete cylinder was measured with his 
pressure cells. Various caps were used on the cylinder including a 4-mm, layer of 
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paraffin, a l-mm. layer of paraffin, a 3-mm. sheet of soft rubber, a 3-mm. sheet of hard 
rubber, and a thin layer of oil, The load was applied in increments, and for each incre- 
ment readings were taken immediately and after a lapse of time varying from 114 to 3 
hr. For each material the stress was found to vary from a maximum at the center to 
zero at the outside, the non-uniform distribution of stress being due to the outward flow 
of the plastic material. Tests were also made using porous wood fiber plates (such as 
masonite) as a capping material, These indicated practically a uniform stress distribu- 
tion across the end of the specimen. 

Studies of the distribution of stress between the aggregate and the mortar in con- 
crete were made by inserting the author’s pressure cells in the vicinity of large pieces 
of aggregate in test specimens. The results indicate in general that the stress at the 
ends of the aggregate is higher than the average (the HZ of the aggregate being greater 
than the # of the mortar), and that little stress is transferred from mortar to aggregate 
by adhesion of the mortar to the aggregate. 

Shrinkage deformations and stresses were measured by imbedding instruments in 
mortar specimens, The results indicate graphically the relatively high initial shrinkage 
at the surface and the gradual averaging out of the shrinkage strain across the cross 
section as the interior of the specimen dries. 

The pressure distribution in brick masonry was studied by inserting pressure cells in 
brick which were incorporated into test specimens. Results show an unequal distribu- 
tion of load across the brick, the highest stress being at the center. The factors con- 
tributing to strong brick work are thin mortar joints, thick brick, brick with high tensile 
strength, mortar with high ultimate compressive strength, and reinforcement of the 
mortar joints. Tests were made to evaluate the modulus of elasticity and Poisson’s 
ratio of various grades of building brick. 

The publication is well written, and evidences careful work on the part of the author. 
Rather than giving the final word on several somewhat controversial points, the author 
is indicating the results of an interesting set of studies, 

Beams on elastic foundation 


M,. Herenyt, lat bd., 225 pp., Dlustrated, $4.50, The University of Michigan Press, Ann Arbor, Mich. 
Reviewed by GenaLp Pickrrr 


From theoretical considerations there are two basic types of elastic foundations: 
One type can be visualized as being composed of rows of closely spaced independent 
elastic springs; the other type is that of a very deep elastic solid. xcept for the last 
chapter, the present book is concerned with the first type, 

The first type is simpler mathematically, and for that reason has been used by investi- 
gators in many instances that would be more nearly represented by the second type. 
However, as the author states, the first type really has a far wider field of application 
than the second type and, therefore, in such applications should not be regarded as an 
approximation for the second type. 

Derivations of formulas for deflections, slopes, moments and shears are given in 
detail in the book for almost every conceivable type of loading and end condition of 
beams on elastic foundations of the first type. Numerous applications are given to 
engineering problems, Frequent application is made to problems of circular tubes or 
tanks under axially symmetrical loading but not supported by an elastic foundation. 
For such problems the tangential forces acting on longitudinal elements correspond to 
elastic foundation forces and, therefore, these problems become mathematically the 
same as those of beams on elastic foundations of the first type. One chapter is on cer- 
cular arches, 

The discussion given in Chapter X of partial continuity in the subgrade should be of 
particular interest to those concerned with the design of pavement slabs for highways 
and airports. 
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The courage and optimism of the author in approaching supposedly difficult problems 
is refreshing. It takes courage, vision, ingenuity and judgment to obtain workable 
and practical solutions to difficult problems. The author’s solution to the problem of 
the wedge-shaped beam is an example of his methods. The differential equation for a 
wedge-shaped beam differs from that for a beam of constant width in that it contains 
an additional term, a third derivative. To eliminate the third derivative the author 
(p. 107) makes a change in the dependent variable. This change eliminates the third 
derivative but introduces three other terms, making a total of five terms in the new 
differential equation. The author discards three of the five terms and is thus able to 
write a comparatively simple solution of the reduced equation. Although the simple 
solution only approximates the correct solution, the author indicates that the difference 
is negligible for most practical applications. As in this case the author is usually careful 
to point out the principal limitations of his simplified solution. 


In a number of cases the writer would prefer a somewhat different interpretation or 
emphasis, but on the whole, he considers that the book strikes a good compromise 
between rigorous and simple treatment, and between detailed development of, and 
brief statement of formulas. 


The writer questions the derivation of the solution given for the problem of a beam of 
linearly varying depth. (Art. 32). For the fourth order differential equation applying 
in this case 


3 vy + 62? dy 4+ 62 d*y . 0 
a — ie? — — — 4 
dr! dr dx EI,” 
the author suggests solutions of the form 
o m+n 


x 
Dal 

In order that the above infinite series satisfy the differential equation, the coefficients 
must be related as follows 
es —kl 
Bi, (m+n—1) (m+n)? (m+n+1) 
and m must be a root of 

(m—1) m* (m+1) = 0. 


The author evidently thought that the sum of four such series with m taking in turn 
each of the four roots indicated by the equation for m would constitute a general solu- 
tion. The author states that only that series with m=1 will satisfy the condition that 
y = Oat xz = Oand therefore the single series with m =1 is the solution of the problem. 
The conclusion is no doubt correct, but the reasoning is faulty for two reasons. In 
the first place, two of the four roots for m are equal, leaving only three distinct roots; 
m = —1,m = 0,andm = 1. In the second place, when the three series corresponding 
to the three distinct roots for m are written, and account is taken of the necessary rela- 
tions between the coefficients, it is found that except for a multiplying factor all three 
series are actually identical, and therefore are not independent solutions. 





An An-1 + 


Since there are four independent solutions of a fourth order differential equation, 
and since the form suggested by the author yields only one of these solutions, there 
exists three other independent solutions. The additional independent solutions can 
be obtained by repeated application of the method explained by Biot and Von Kar- 
man.* 


*"‘Mathematical Methods in Engineering’’, Chapter 2, McGraw-Hill, New York, 1940 
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When this method is applied once, the following is obtained for a second solution 
fo) n+1 





Le °) n 
y= log 4 > an ; ote > bn i 
where 
a - 
Oe A(n+1)? (nt+2) 
2a, 
— — — 
(4 n3+ 12n?+ 10n +2) — «ca, 
2 = ~ 
n(n+1)? (n+2) 
Al 
> BI, 
The third solution is of the form 
2 @ n+1 co n ~ n 
x x x x x 
y={ et p> el Ty toed ip tael7 


and the fourth solution is of the form 


3 @ n+l F 2 @ n © 
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Since the author had available only one series containing only one arbitrary constant, 
and he still had two conditions to satisfy at x = 1, it followed that the single series gave 
a solution only for a special relation between the properties of the beam and foundation. 
For the argument to be accepted, it seems that it should be proven that none of the 
other three independent solutions apply in this case, and to do this, the other three solu- 
tions must be known. 

Perhaps the rigorous treatment here suggested is out of place in a book of this kind; 
the author has probably picked the best balance between rigor and simplicity. 

Although the writer has not read every sentence, and has checked only a small portion 
of the mathematical work, he is of the opinion that the book is relatively free of errors. 
One should expect a number of errors in the first edition of a book in a new field. 

Consulting engineers, and those in the design field should welcome this book. 
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ACI BOARD APPROVES PLANS FOR MORE SERVICE 


New committee will consolidate ACI technical activities 


A new Technical Activities Committee is soon to succeed to the com- 
bined functions of the present Advisory and Publications Committees, 
It will consolidate in one group under the authority of the Board of 
Direction, responsibility for the subject matter of ACI technical publica- 
tions and convention programs, inaugurating and supervising the work 
toward the Institute’s chartered objectives—‘‘gathering, correlating 
and disseminating information for the improvement of the design, con- 
struction, manufacture, use and maintenance of concrete products and 
structures.” 

Action to this end was taken by the Board at its October meeting, 
based on recommendations of its Executive Committee in presenting a 
plan for streamlining administrative procedure to deal more effectively 
with the expansion and diversification of the Institute’s technical pro- 
gram, by two principal devices: 

1) a relatively small steering committee (nine members) to deal with 
all technical activities, for administrative action; 

2) a large body of consultants, recruited from ACI membership in as 
many areas of specialization as technical projects demand—to ‘advise 
as individual specialists or as groups representing communities of interest, 
for: 

a) critical consideration of contributions offered for ACI publication; 

b) competent preliminary survey of the best means for developing 
information on any proposed project—whether by individual papers or 
committee reports—and choice of personnel for the preferred means. 


The Institute’s technical work was for some years shared by a Pro- 
gram Committee with the annual convention as its special responsi- 
bility; an Advisory Committee setting up and supervising the work of 
all technical committees; and a Publications Committee responsible for 
the technical content of the Journal and some special publications. 

The first step a few years ago toward consolidation of responsibility 
was in abolishing the Program Committee and adding its duties to those 
of the Publications Committee, since the development of convention 
programs carried some implied obligations to publish. 

The present further consolidation stems from the fact that both 
Advisory and Publications Committees work to the same end—‘‘gath- 
ering information’’—but in general by different means. The final choice 
of these, where intelligent choice was to be made, rested usually with the 
Board. 
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There are stages in the emergence of knowledge in special areas when 
individual papers may serve best; further stages in which committee 
action carries with it the advantages of correlation toward a consensus. 


Recognizing the oneness of Institute objectives and the inter-related- 
ness of many specialized areas of knowledge, the new administrative 
set-up tends to provide a means for an important, many-sided advisory 
body to give counsel, and a very small group to turn advice into action. 


This reorganization does not disturb the special, critical and judicial 
functions of the Standards Committee which will continue with its 
established responsibilities. 


The new committee will be constituted as follows: the chairman ap- 
pointed annually by the Board of Direction from among its own mem- 
bers to serve for the ensuing convention year, the President and the 
Secretary-Treasurer (these three to serve as the committee’s executive 
group for necessary prompt action between meetings) and six other 
Institute members chosen by the Board for such terms that three new 
appointments or re-appointments shall be made for each convention 
year. 


The new committee takes over (with some modification) the broad 
framework of divisions of interest within which the Advisory Committee 
has functioned. This is not without realization that knowledge won’t 
stay in sealed containers; that ‘divisions’ of interest are neither sta- 
tionary nor self-sufficient; that proper functioning of the Technical Acti- 
vities Committee requires of its personnel a blending of broad over-all 
knowledge with a range of specialized knowledge which can be achieved 
only by the active counsel of many consultants outside its membership. 


Thus, the new set-up as envisaged holds two important possibilities 
for ACI: 


1) administrative facility in undertaking an increasingly active pro- 
gram for greater service to a rapidly growing membership; 


2) participation by a much greater number of Institute members. 
It is probably trite to say that the general health of any such organi- 
zation as ACI will be charted in a rising curve of membership participa- 
tion. 


Following is the set-up of divisions of interest as taken over with some 
revisions from the departmental set-up of the Advisory Committee. 


Concrete research: The promotion of basic and applied research in 
concrete and concrete materials and the exchange of information on 
procedure and technique among research men. 
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Properties of mortars and concretes: Includes such properties of con- 
crete as durability and disintegration phenomena, strength, elastic and 
plastic properties, volume change, bond, extensibility, watertightness, ete, 
and the influence of various factors on such properties. 


Engineering design: Structural analysis, loads and stresses, engineer- 
ing and architectural treatments, etc. for buildings, marine structures, 
hydraulic structures, bridges, railroads, highways, airfields, ete. 

Concrete materials and mix design: The physical, chemical, petro- 
graphic and concrete-mix making properties of concrete materials; the 
production or manufacture of such materials; and the design of concrete 
and mortar mixes. Includes all materials used in compounding con- 
crete, such as cements, aggregates and admixtures; materials embedded 
in concrete, such as reinforcing, water stops, anchors and materials 
applied to concrete surfaces, such as paints, curing compounds, water- 
proofing materials. Includes concrete mix design°and those properties 
of fresh concrete which are essential factors in mix design, such as work- 
ability, consistency, plasticity, air content, yield, unit weight. 

Concrete construction: Job methods and equipment for all concreting 
operations, such as batching, mixing, forms, handling, placing, finishing, 
curing, protection, grouting, cleanup, chipping, bushing, patching, and 
special concrete construction, such as stucco, gunite, prepacked. 

Prefabricated concrete: The design, production and use of prefabri- 
cated concrete units such as masonry, architectural and structural units 
and pipe. 

Concrete repair and maintenance: The maintenance, repair and _ re- 
habilitation of all types of concrete structures. 

Joint activities: All activities carried out jointly or in cooperation 
with representatives from other organizations. 


Proposed for ACI are a newly constituted Board of Direction and higher dues 


It is a prerogative of the membership to amend the By-Laws. All the 
Board of Direction could do after discussion both at Denver in June and 
at Lake Placid in October was to recommend By-Laws amendment after 
most careful study of two problems. Each problem had had the con- 
sideration and special study of a Board committee. As to Board re- 
constitution : 


More than a year ago, the Board appointed a special committee to ‘di- 


vide the territory occupied by the membership in the six geographical 
districts, to be designated by numbers, each to be represented by a 
regional director” (see By-Laws—Article II, See. 2). 
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The membership had increased and as a whole it had shifted geo- 
graphically. Attempts to equalize the membership among the six 
regions did not present satisfactory results—districts tended to sprawl 
with some lack of geographical homogeneity or order. 


The Board then considered why geographical districts? science has 
no geographical boundaries; the man 7s more important than his place of 
legal residence? geographical spread is no more important than spread 
of professional background, job allegiance and specialization, plus 
demonstrated potentialities for serving the ACI cause. Thus the Board 
has recommended and its members (as individual ACI members) and 
others will shortly be petitioning for By-Laws amendment for reconsti- 
tution of the Board as now presented in Article II to effect a future Board 
made up as follows (provided the convention approves and the member- 
ship at large ratifies by letter ballot): a President for a one-year term; 
two Vice-Presidents for two-year terms (one elected each year); twelve 
Directors (chosen by the nominating committee with due regard to geo- 
graphical spread and professional diversification) elected for such terms 
that four new directors are chosen each year. (An interim provision 
would continue present directors-at-large whose terms would expire 
subsequent to the effectiveness of the amendment); three former Presi- 
dents last past who remain members of ACI; a Secretary-Treasurer as 
appointed annually by the Board. 


Not only has the Institute increased its publications program (ten 
Journal’s a year instead of six) and increased its staff for greater service, 
but the cost of materials, services and headquarters space have all in- 
creased. The Board faced the need for some recognition of increased 
burden—especially so in view of still further staff increases needed. The 
upshot is Board recommendation of By-Laws amendments increasing 
annual dues rates as follows: 


Contributing membership, unchanged at $50.00; Corporation membership increased 
from $20.00 to $25.00; Individual membership $10.00 to $12.50 (except that individual 
membership dues outside United States will remain at $10.00.); Junior $6.00 to $7.50 
and Student $3.00 to $5.00. 


Board action taken and recommendations made at the meeting Octo- 
ber 7 and 8 seemed to hold large possibilities for the Institute’s future. 
Encouraged by the rapid post-war growth of membership and increased 
demands for ACI publications, the Board was emphatically ‘‘bullish’”’ 
for ACI. Auspicious, too, was the presence of sixteen of the eighteen 
Board members for the Lake Placid Club meeting. 


Harvey WHIPPLE 
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New Members 





The Board of Direction approved 87 
applications for Membership (64 In- 
dividual, 3 Corporation, 15 Junior, 5 
Student) received in September. 

The Membership total on October 1, 
1946, after taking into consideration a few 
losses by death, resignation and for non- 
payment of dues, is 2853. 


Abadia, Marcelo, 8 Jose Severo Quinones 
St., Santurce 34, Puerto Rico 

Abraham, J. G., No. 10, Cinna Reddy St., 
Egmore, Madras, South India 

Allied Supply Corp., 1000 Harris St., 
Charlottesville, Va. (C. Wilson Mce- 
Neely) 

Apthorpe, Robert H., 131 Trafalgar St., 
Stanmore N. 8. W., Australia 

Armstrong, H. E., 584 MacLaren St., 
Ottawa, Ont., Canada 

Austin, Harold B., 115 S. Jefferson Ave., 
Peoria, II. 

Barker, William D., c/o City Engineers, 
Ross Dam, Rockport, Wash. 

Beckman, Wallace J., 1930-64th St., 
Brooklyn, N. Y. 

Boynton, Robert 8., National Lime Asso- 
ciation, 927-15th St., N. W., Washing- 
ton 5, D. C. 

Brown, H. C., Canada Cement Co., Belle- 
ville, Ont., Canada 

Callejas H., Rafael, 8a Calle Poniente No. 
62, Guatemala City, C. A. 

Case, John, 811 W. Third St., Los Angeles 
13, Calif. 

Chibaro, Anhony, 58 Paulson Rd.,Waban, 
68, Mass. 

Childs, Leonard C., 231 S. LaSalle St 
Chicago 4, Ill. 

Clepper, Frank L., 1024 Dixie Terminal, 
Cincinnati, Ohio 

Concrete Products Corp., R. R. No. 6, 
Box 4, South Bend, Ind. (P. E. Bohm) 

Curtis, George W., 1000 S. Fremont Ave., 

_ Alhambra, Calif. 


mm 


De Blas, Isidoro, c/o Spanish Embassy, 
2700-15th St., N. W., Washington, D.C, 

Deedes, Walter E., P. O. Box 1168, Reno, 
Nev. 

DeLong, John A., 523 N. 40th St., Omaha, 
3, Nebr. 

Deuel, C., 4052 Braeburn Way, Los An- 
geles 27, Calif. 

Driscoll, James A., 865 E. 45th St., Brook- 
lyn 3, N. Y. 

Durrani, N., Public Works Department, 
Madras, India 

Dusting, Ronald A. 8., No. 2 Tennyson 
Cresent, Forrest Canberra A. C. T., 
Australia 

Gamalero, M. W., The Institute of Inter- 
American Affairs, 6th Ave., Sur 54, 
Guatemala, C, A. 

Glace, Ivan M., 1001 N. Front St., Harris- 
burg, Pa. 

Gordon, Ronald A., 122 Library Avenue, 
Wilmington, Ohio 

Guest & Sons, C. M., Anderson, 8. Caro- 
lina (Walter C. Guest) 

Hagstrom, R. E., North Central Supply 
Co., 742 Arundel, St. Paul 3, Minn. 

Hall, Roger T., c/o Spidel & Hail, Ine., 
1427 Eye St., N. W., Washington 5, 
DD: 

Hansen, Alfred E., Michigan Theatre 
Bldg., Muskegon, Mich. 

Harwood, Warner, 33 W. Grand Ave., 
Chicago 10, Tl. 
Helland, H. R. F., 904 Frost National 
Bank Bldg., San Antonio 5, Texas 
Hinkson, N. L., 916 Ford St., Golden, 
Colo. 

Hogg, Dwight A., P. O. Box 21, West 
Hartford 7, Conn. 

Homann, Gerald W., 9 De Wolfe St., Cam- 
bridge 38, Mass. 

Hotes, Frederick L., 1147 S. Adams 5t., 
Denver 10, Colo. 

Hyslop, Robert B., N. 2913 W. Oval, 
Spokane 12, Wash. 
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Jacobus, R. W., c/o Virginia Steel Co. 
Inc., Richmond, Va. 

Kantawala, K. K., c/o Public Works De- 
partment, Secretariat Fort, Bombay, 
India 

Kendrick, Edwin A., 45 Minnesota Ave., 
Five Dock, Sydney, N. 8. W., Australia 

Kochhar, R. K., c/o Chief Engineer, Public 
Works Department, Buildings & Roads 
(West) Lucknow, India 

Kopetz, George E., P. O. Box 5087, East 
Liberty Station, Pittsburgh 6, Pa. 

Larson, Carl W., 124 S. 
Aberdeen, 8. Dakota 

Lewin, David V., 2300 Chester Ave., 
Cleveland, Ohio 

McCarty, Irving J., 
Blvd., Chicago 12, Il. 

McClintock, E. C., Department of En- 
gineering, University of Virginia, Char- 
lottesville, Va. 

McKenrick, R. P., c/o Blaw Knox Co., 
Box 1198, Pittsburgh, Pa. 

Malone, Robert E., 4516 N. 
Chicago 30, II. 

Marbury, Willard H., Mountain Home, 
Ark. 

Matheson, Victor R., 4 Towns Rd., Rose 
Bay, Sydney, N. S. W., Australia 

Mayper, Victor, 110 W. 40th St., New 
York, N. Y. 

Misra, K. N., Executive Engineer, Public 
Works Department, 40 Grainmarket, 
Ganeshgunj, Lucknow, United Prov- 
ince, India 

Mitchell, M. S., c/o Meech, Mitchell & 
Meech, 114 McFarland Bldg., Leth- 
bridge, Alberta, Canada 


Jackson St., 


1846 Washington 


Kenton, 


Moran, Robert L., Aerocrete Construction 
Co. Ltd., 447 Victoria Park Ave., 
Toronto 13, Ont., Canada 

Morgan, Jr., Newlin D., Dept. of Civil 
Engineering, University of Wyoming, 
Laramie, Wyo. 

Mueller, E. J., Portland Cement Associa- 
tion, 1627 Dierks Bldg., Kansas City 6, 
Mo. 

Mukerjee, A. C., 5 Trilok Nath Road, 
Luknow, India 


Muldowney, Walter E., 1120 Connecticut 
Ave., Washington, D. C. 

Nambiar, K. K., City Engineer, Corpora- 
tion of Madras, Madras, India 

Owens, William H., 248 Boylston St., 
Boston 16, Mass. 

Pardey, Paul L., 6 Wattle Ave., Manly, 
Sydney, Australia 

Pierce, George O., 532 Orange Grove Ave., 
South Pasadena, Calif. 

Potts, George S., 48 Lancelot St., Five 
Dock, Sydney, N. 8S. W., Australia 

Pugsley, W. E., Concrete Transport Mixer 
Co., 650 Rosedale, St. Louis 12, Mo. 

Reddy, K. R., Greamspet, Chittoor, Ma- 
dras, 8. India 

Richardson, James R., Cliff St., Plymouth, 
Mass. 

Sandstedt, Carl Edward, A & M College of 
Texas, College Station, Texas 

Sasso S., Samuel A., Apartado 186, San 
Jose, Costa Rica 

Schaeffler, Joseph C., 78 Irving Place, New 
Rochelle, N. Y. 

Schmidt, Jr., L. A., Chattanooga Bank 
Bldg., Chattanooga 2, Tenn. 

Selby, Lennon, 211-A High Tower Bldg., 
Oklahoma City 2, Okla. 

Shoemaker, William L., 
Detroit 15, Mich. 

Speckels, M. L., Box 672, Kingman, Ariz. 

Swanberg, John H., Minn. Dept. of High- 
ways, Exp. Eng. Bldg., University of 
Minn., Minneapolis, Minn. 


1216 Lenox, 


Taylor, Joel H., 623 E. Emerson Place, 
Wilmar, Calif. 


Teshima, Harry T., Skating Rink Dorm., 
406 E. Armory St., Champaign, IIL. 
Thelin, C. Milo, City Hall, Fort Worth, 
Texas 

Velutini, Becla, Altagracia a Salas No. 22, 
Caracas, Venezuela, 8. A. 

Viole, Laurence D., 3220 Laurel Canyon 
Blvd., No. Hollywood, Calif. 


Walker, John W., 2024 Blanding St., 
Columbia, 8. C. 








8 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


Wall, James D., Y. M. C. A., Vicksburg, 
Miss. 

Wallace, W.W.,Portland Cement Associa- 
tion, 33 W. Grand Ave., Chicago 10, II. 

Wang, Shou Chang, UNRRA Fellowship 
Section, 1344 Connecticut Ave., Wash- 
ington 25, D.C. 
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Weaver, Wayne L., 1319 Second Ave., 


Boulder, Colo. 
Westby, 8. H., 830 Wing St., Elgin, Il. 


Williams, H. Roger, The Plaza, Palm 
Springs, Calif. 





WHO'S WHO in 


this JOURNAL 





Richard J. Willson 


an ACI Member since 1936, is author of 
the paper ‘Lining of the Alva B. Adams 
Tunnel” which appears on p. 209 of this 
JourNAL. A native of Colorado, Mr. 
Willson studied mining engineering at the 
Colorado School of Mines. In 1930 he 
entered the employ of the Bureau of Re- 
clamation as a laborer digging test pits 
during the investigation of earth embank- 
ment materials for Cle Elum Dam in 
Washington. 

He has been with the Bureau since that 
time with the exception of two years spent 
with the Callahan Construction Company 
and Peterson, Shirley, and Gunther dur- 
ing the construction of Madden Dam in 
Panama. 

As a Bureau employee he has come up 
“through the ranks’ to his present posi- 
tion as field area engineer on the Colorado- 
Big Thompson Project with headquarters 
at Grand Lake, Colorado. During this 
period he has had many assignments in- 
including hydraulic laboratory model 
studies, concrete and aggregate investiga- 
tions for Boulder Dam, foundation drilling 
and grouting, fabrication of reinforcing 
steel and concrete mixing plant supervi- 
sion. In his present assignment he is 
responsible for the field construction in 
the western area of the Colorado-Big 
Thompson Project, including the inlet 
structures for the tunnel, Granby Dam 
and dikes and the Granby pump plant 
and pump canal. 


A. Burton Cohen 


whose paper “Repair of the Spruce Street 
Bridge, Scranton, Pa.”’ appears on p. 241, 


has been a member of the Institute since 
1910, and in 1926 became a Wason Medal- 
ist with his paper “Correlated Considera- 
tions in the Design and Construction of 
Concrete Bridges.”” Mr. Cohen received 
his B.S. in C.E. degree from Purdue Uni- 
versity in 1905 and his C.F. degree from 
there in 1910. 
graduation he accepted a position in the 
engineering department of the Lacka- 
wanna Railroad at Hoboken, N. J., an 


Immediately following 


association which continued until 1920. 
During this period, Mr. Cohen specialized 
in reinforced concrete design and grade 
crossing elimination work in an extensive 
program of railroad and civic improvement 
applying concrete design to gain aesthetic 
and economic value. 


From 1910 to 1920 Mr. Cohen was in 
charge of the design of all concrete struc- 
tures built on extensive grade revision 
work for the Lackawanna including the 
Tunkhannock and the Martin’s Creek 
Viaducts, two of the largest of such rail- 
road structures in the world. In this 
period he was also responsible for the de- 
sign of the extraordinary flat-slab  via- 
duct of the Buffalo Terminal improvement 
and the South Orange track elevation 
work, and upwards of 200 grade crossing 
eliminations through the highly developed 
suburban section of New Jersey and else- 
where along the Lackawanna Railroad. 


Since 1920 Mr. Cohen has been in 
private practice and has been responsible 
for the design and construction of many 
major bridge and grade crossing elimina- 
tion projects in the eastern states. He 
was recently commissioned by the city 
of Niagara Falls to prepare general plans 
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for the elimination of all grade crossings 
throughout the city. 

In addition to his Wason Medal paper 
and the present paper, Mr. Cohen is 
author of the following ACI papers: 
“Progress and Development of Concrete 
work on the Lackawanna’ Railroad’ 
(1914), ‘Reinforced Concrete Flat Slab 
Railroad Bridges’? (1918), and ‘‘Super- 
vision and Inspection of Concrete” (1936). 

In addition to his membership in the 
ACI, Mr. Cohen is a Member of A.S. C. E. 
and Member A. 8. T. M. Mr. Cohen was 
also chairman of ACI Committee S2 “Re- 
inforced Concrete Highway Bridges and 
Culverts,” a member of the ACI Advisory 
Committee from 1924 to 1930, a member 
of the Board of Direction as Director, Sec- 
ond District from 1942 to 1944, 





Honor Roll 


February 1 to Sept. 30, 1946 





The Honor Roll for the period February 
1, to Sept. 30, 1946 finds T. E. Stanton 
leading with 22 members and J. L. Savage 
a close second with 21, 


T. E. Stanton.... 22 
J. L. Savage. ,. 21 
E. W. Thorson... 10 
R. D. Bradbury 9 
Walter H. Price. 9 
C. C. Oleson.... 8 
Henry L. Kennedy 7 
Anton Rydland... 61% 
J. A. Crofts 6 
Newlin D. Morgan... 6 
Charles E. Wuerpel. . 5% 
Jacob Fruchtbaum. . 5 
Ray C. Giddings 5 
Karl W. Lemcke.... 44 
Hernan Gutierrez. 4 
Martin Kantorer..... 4 
James A. McCarthy. . 4 
K. E. Whitman. . 4 
H. B. Emerson 3% 
E. F. Harder... . 3% 
F, E. Richart... 3% 
A. Amirikian.... 3 
Birger Arneberg... 3 


oe | eee 
Raymond E, Davis... 
Miguel Herrero... 
C. A. Hughes..... 
James J. Pollard... 
Lewis H. Tuthill 
C. S. Whitney.... 
A. J. Boase..... 
W. A. Carlson... 
Te es GOIN... 
Grayson Gill. . . 

H. M. Hadley.... 


Alberto Dovali Jaime... 


QO. G. Julian 

F. N. Menefee.. 

E. M. Rawis...... 
H. F. Thomson... 
Stanton Walker.... 
Wm. R. Waugh... 
Rene L. Bertin.... 
J. F. Barton.... 
Emil W. Colli..... 
Aloysius E. Cooke... 
R. W. Crum 

Issac Hausman... 
Denis O. Hebold. . 
John T. Howell 

F. R. McMillan..... 
Robert L. Mauchel. . 
Be Bi I. so ns 00 
Dean Peabody... . 
Henry Pfisterer.... 
Raymond C. Reese.. 
R. D. Rogers........ 
Simeon Ross..... 
Moe A. Rubinsky... 
John A. Ruhling. 
H. C. Shields....... 
LeRoy A. Staples... 
H. D. Sullivan 
Flory J. Tamanini. . 
J. We TOMEI «on. 
John Tucker, Jr. 
ss ee 
Paul L. Battey 

R. H. Bogue.... 

H. F. Faulkner. . 

H. J. Gilkey..... 

E. J. Glennan...... 
Axel H. Johnson 
Thomas M. Kelly 


T. R. S. Kynnersley... 





. 
st 
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Repel Emochettl .......... i... oe. 1% 
8 | ee 1% 
ie gin ns can Sianiseks 1ebm 1% 
er IOI 8.5.5 wceracs ccs atid ald baad 1% 
TL Oe re 1% 
Oe ECE Tera? 14% 
Thomas C. Shedd................. 14% 
A. L. Strong. . wicsitoes 0, ol RRARS . A 
LeRoy A. Thorsen . sto, aes iat hoe 
Se eNO, 6 6 FC BATT 1 
ss trpcarex sa 'ssark's ERO taken 1 
cian scwa Cin wail od 1 
Joseph Avant.............. ARM 
Cree Cee 1 
I non hn nes attauNbah’s op 1 
CS FCT 1 
De ee eee ay 
OS Re Le ree 1 
as oo oo son a Cilaldes add sd 1 
SS ee es eee 1 
eS Se recs oe 1 
oe xs wanna hid « 4 old 1 
as 60,5 nc BMI acl Bile 1 
Raymond L. Brandes............... 1 
SS 6. o.c's ma, 0.0... CbRutiaws he Ler 1 
I ie a am 5 on Dhldatale bly ales ible 1 
Ce en ee er 1 
Antonio J. Carbonell................1 
MRL, oon. «Wao aee. 2) come 1 
ET COT a ae 1 
Frank W. Chappell................. 1 
Anthony D. Ciresi.................. 1 
CaM. ole, 2h09 5. .. Diwan 1 
NY 05. bec... e2ehore .< 1 
John Conzelman................... 1 
Re Is oo oaeie ll ei 1 
pS Tee 1 
Ss ae CORED oss Ak 1 
Charles A. Daymude............... 1 
«Ene ep ae er ae 1 
SG i.e Sevteain Fs .L s 1 
ee ree 1 
I oss ck oc BERSELL a2 1 
Suma emeeeem.... 1 
IES oo. on Yeti ail sdk 1 
Alexander E, Forrest............... 1 
Alexander Foster................... 1 
Herman Frauenfelder........... ae | 
Meyer Fridstein.................... 1 
IRS. cc 2d. waetucal ik 1 
Cs i, ou Qa ok ol h BUTE 1 
DO oc... Seva... 1 
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EE, Gonsales Rubio... ..... 60.06.00 1 
Fred A. Gorham........... ae 
eee 1 
Ernst Gruenwald............. ee 
a eee 1 
D..d. EO RIMM. ............ roy - 
Elmo Higginson.............. ae 
Prem Wh. Peds... ... «.......5.0% aie 
PR ee re lle 
CO Se ool 
Lyman G. Horton............. a 
RIN NII 5.660 85a Sees bas ak a 
Me Es wes ay va ee es re 
De ae ee . io 
("a | 
a ee ee... ....... om 
Edgar R. Kendall........ Sob 1 
Edward F. Keniston......... oe a 
a 5s biari bs asne'oes os cad 1 
eS ee eee 1 
Be. weer teavitt. <3: oS i) 
B. Leon. . am 
L. 8S. LeTellier. . ee 
Arthur A. Levieon. LU es Stee ee Gtke cal 
ae Cay: 
Bartlett G. Long............. ‘ste 
F. A. Luber. HC et ee a 
James E. McClelland Basti nce aa 
BM, 5.. PRGUEIOn ccs oie. a 
Edward P. MeMullin........... i 
F. R. Macleay.......... 3 athe WN aa 
CCT, 
Cn. . we caste ctl ois cide of 1 
Hugh Montgomery........... a 
Robert B. B. Moorman....... a 
Rene Pulido y Morales..............1 
MS, 55a sss eee: all 
I. Narrow.. Ri ST ae 
Wm. T. Neslende. ae enactments «40 es 1 
See rs SOR... clnaWicies 2h oe eae 1 
ME DD. « .. 5. this dkicldh bird 'e see 1 
I woo as Abe picd< cde 1 
Rae Peo... 5. Sched. = 
Oy ge ee ee 
pO DN | ee 1 
Ss MIS sia dak s dd a - 
ee a rere oe 1 
Herman G. Protze Jr A 
ii. 508 a1eni wins pe. Bahwbaecce 1 
EP OEP Cy 1 
Peer rer te. 1 
es PON cw TE 2 
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Maurice G. Roux... . 
Arthur Ruettgers..... 
G. R. Schneider....... 
Herman Schorer........ 


George G. Smith......... 

J. H. Spilkin....... 

J. Antonio Thomen. .. 

Hugh F. Tolley.... 

Bailey Tremper.... 

Harold C. Trester. . 

Oscar J. Vago...... 

Joseph J. Waddell. . 

W. W. Warzyn..... 

David Watstein.... 

Piers M. Williams... 

George C. Wilsnack. . 

Ralph E. Winslow... . 

Douglas Wood.... ; vk. i 

ES A ee ee 1 
The following credits are, in each 


instance, ‘‘50-50” with another Member. 


B. G. Anderson Henry M. Lees 

A. Arnstein Wm. Lerch 

J. B. Baird J. A. McCrory 
Michel Bakhoum Douglas McHenry 
Sabahattin Basman Ian Macallan 

E. Ben-Zvi J. B. Macphail 

E. O. Bergman Sidney M. Major Jr. 
Hugh Bigler Charles Mannel 
Carlos Blaschitz George W. Meyer 
G. C. Britton Eugene Mirabelli 
Ernest L. Brodbeck C. C. More 

Fred Burggraf A. B. L. Moser 

Fred Caiola Fernando Munilla 
Miles N. Clair T. D. Mylrea 

A. B. Cohen D. Lee Narver 

Sam Comess H. T. Nelson 

W. A. Coolidge N. M. Newmark 

R. A. Crysler Syberen Frank Nydam 
Atahualpa Dominguez George L. Otterson 
G. J. Durant Wm. D. Painter 

E. E. Edwards George P. Palo 

A. C. Eichenlaub R. S. Phillips 

Axel Erikeson James D. Piper 
Harry R. Erps David Pirtz 

Cevdet Erzen R. F. Powell 

E. E. Evans Robert B. Provine 
K, P. Ferrell Frank A. Randall 
G, V. Gezelius F. V. Reagel 
Howard A. Gray Melvin S. Rich 

Per O. Hallstrom T. E. Shelburne 
Hunter Hanly C. E. Shevling 
Shortridge Hardesty Harold Oliver Sjoberg 
George N. Harding Marvin Spindler 

H. L. Henson Charles M. Spofford 
A. W. Hicks D. J. Steele 

R. B. Hindman Henson K. Stephenson 
Meyer Hirschthal Hale Sutherland 
Wm. A. Hohlweg M. O. Sylliaasen 


je ee ne el el 


Ralph B. Horner R. W. Ullman 
Hubbard Zaldua Uriarte 

Manuel Castro Huerta Jose Vila 

H. D. Humphries D. 8S. Walter 

W. C. Huntington V. Warren 

Frank H. Jackson J.C. Watt 

V. P. Jensen E. C. Wenger 

Bruce M. Johnson Herbert J. Whitten 

Paul A. Jones Eugene P. H. Willett 

George L. Kalousek E. T. Wiskocil 

W. D. Kimmel Ernest B. Wood 

Lane Knight R. B. Young 


SS a RE 6 
Fritz Emperger 
By P. W. ABELEs 


Dr. Fritz Emperger, Honorary mem- 
ber of the ACI died in Vienna on Feb- 
ruary 7, 1942. The son of an Austrian 
technician, he was born on January 11, 
1862 and studied civil engineering at the 
Technical Universities of Prague and 
Vienna and took his degree in 1885. After 
having visited the World exhibition in 
Paris in 1889, he came to the United States 
and worked as a consulting engineer in 
New York until 1897. Dr. Emperger 
built the first bridges combining the use of 
steel and concrete (Edenpark Bridge in 
Cincinnati, Ohio and the Housatonic 
Bridge in Stockbridge. He established 
the Concrete Steel Construction Co. which 
subsequently built many such bridges 
including those under the railway station 
at Detroit, Mich. From 1897 till 1902 
Emperger lectured at the Technical Uni- 
versity, Vienna. Afterwards he worked 
as a consulting engineer, writing and edit- 
ing publications on reinforced concrete. 
He founded the well known periodical 
Beton und Eisen, Beton Calendar and a 
text book on reinforced concrete, whose 
many volumes have already appeared in 
their 4th edition. 


Much of Dr. Emperger’s time was spent 
in research of reinforced concrete, and 
he became a driving force in its develop- 
ment. He was the leading personality 
in the Austrian Reinforced Concrete 
Committee, established in 1906. He was 
appointed Chairman of this committee 
in 1926, after having been Vice-chairman 
since 1912, and carried out very extensive 
investigations. As a scientist, Emperger 
worked mainly by intuition and could 
draw correct conclusions without lengthy 
theoretical deliberations. Among his im- 
portant investigations are those on the 
co-operation of concrete and steel in 
columns, on bond resistance and on crack- 
ing. He was never afraid of the unortho- 
dox in his methods and, indeed, in his 
whole attitude. Any new idea of some 
value received his support. Even in his 
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old age he carried on with his work and 
devoted his energy to the development of 
reinforced concrete. At the age of 77 
years he made a suggestion regarding 
partial prestressing as his answer to M. 
Freyssinet’s “Une Revolution dans les 
Techniques du Beton” (Paris 1936). 


Emperger worked for international 
collaboration not only in reinforced con- 
crete but in structural and bridge engi- 
neering. He was Honorary member of 
many national Associations in addition 
to the ACT: among them the Institution of 
Structural Engineers, London, the Royal 
Institute of Dutch Engineering; the 
Academy of Works, Prague; and the 
Academy of Science, Warsaw. He was 
one of the first to take the degree of 
Doctor of Technical Science in 1903 and 
was given the Honorary degree of D.Sc. 
by several Universities. Dr. Emperger 
represented Austrian engineers at various 
international congresses and lectured in 
many countries on the results of his in- 
vestigations. His stay in the States as 
well as his visits to foreign countries 
apparently made him immune to Nazism 
although he was appointed their Honorary 
member when Hitler occupied Austria. 
Thus Emperger may be considered to be 
an exception to the great number of 
scientists who not only supported Hitler 
when he represented the German Govern- 
ment but also did everything to help him 
to power. 


Note: Dr. Abeles writes as a personal acquaint- 
ance of Dr. Emperger’s during pre-war years. 
Like many others, Dr. Abeles was forced to leave 
Vienna during the German occupation. He now 
resides in London. 





Building industry's first materials 
handling exposition 


The building industry’s problems of 
materials handling will receive special 
attention at the first national Materials 
Handling Exposition to be held at the 
Public Auditorium, Cleveland, Jan. 14-17. 

Builders’ executives will have the first 
opportunity to see and compare under one 
‘roof competing systems and machinery for 
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materials handling. All phases of ma- 
terials handling will be discussed during 
the four-day meeting, with special con- 
sideration to problems of builders. Han- 
dling on the job, as well as handling for 
receiving, shipping, loading and ware- 
housing will be discussed and appropriate 
machinery exhibited on the Exposition 
floor. 

On exhibition will be hoists, hoist 
mountings, many types of conveyors, 


“hand and power trucks, skids and pallets, 


tractors and trailers, as well as other de- 
vices to reduce costs and increase safety 
factors. 

Admission to the sessions may be ob- 
tained from the Exposition management, 
Clapp & Poliak, Inc., 37 Wall Street, 
New York, N. Y. 





Kanwar Sain 

Rai Bahadur Kanwar Sain, Punjab, 
India, an ACI member since 1939, has 
been awarded the Order of the British 
Empire. The O.B.E. is given by the 
King for services to the empire at home 
and in the dominions and colonies other 
than those rendered by the navy and army. 
It might also be added that the title ‘Rai 
Bahadur” represents an award by the 
Indian government for distinguished serv- 
ice, but it ranks below the O.B.EF. 





Henry C. Turner 

The Turner Construction Company an- 
nounces the retirement of its founder, 
Henry C. Turner (Pres. ACI 1920-21) as 
chairman of the board. J. Archer Turner, 
president of the company, has been named 
as successor to his brother, and as chair- 
man, will continue as the senior executive 
of the company. Admiral Ben Moreell, 
retiring from active service in the navy 
where he served from 1937 through 1945 
as chief of the Bureau of Yards and Docks 
(see ACI Jl. October), has been elected 
president and director. These changes be- 
came effective October 1, 1946. 
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ACI publications in large current demand 


Proposed Manual of Standard Practice for Detailing Reinforced 
Concrete Structures (1946) 


Reported by ACI Committee 315, Detailing Reinforced Concrete Structures, Arthur J. Boase, 
Chairman, this book reached the top of the ACI “best seller” list within one month of its distri- 
bution to all ACI members in good standing in July 1946. It is a large format, bound to lie flat 
and presents typical engineering and placing drawings with discussion calling attention to 
important considerations in designing practice. It was prepared to simplify, speed, and effect 
standardization in detailing. It is believed to be the only publication of its kind in English. It 
is meeting wide acclaim among designers, draftsmen and in engineering schools. Price—$2.50; 
to ACI Members—$1.50. 


ACI Standards—1946 


180 pages, 6x9 reprinting ACI current standards: Building Regulations for Reinforced Con- 
crete (ACI 318-41); Minimum Standard Requirements for Precast Concrete Floor Units 
(ACI 711-46); four recommended practices: Use of Metal Supports for Reinforcement (ACI- 
319-42); Measuring, Mixing and Placing Concrete (ACI 614-492); Design of Concrete Mixes 
(ACI 613-44); Construction of Concrete Farm Silos (ACI 714-46); and two specifications: Con- 
crete Pavements and Bases (ACI 617-44) and Cast Stone (ACI 704-44)—all between two 
covers, $1.50 per copy—to ACI Members, $1.00. 


Air Entrainment in Concrete (1944) 


92 pages of reports of laboratory data and field experience including a 31-page paper by 
H. F. Gonnerman, “Tests of Concretes Containing Ajir-entraining Portland Cements or Air- 
entraining Materials Added to Batch at Mixer,"* and 61 pages of the contributions of 15 parti- 
dpants in a 1944 ACI Convention Symposium, ‘“Concretes Containing Air-entraining Agents,” 
reprinted (in special covers) from the ACI JOURNAL for June, 1944. $1.25 per copy; 75 
cents to Members. 


ACI Manual of Concrete Inspection (July 1941) 


This 140-page book (pocket size) is the work of ACI Committee 611, Inspection of Con- 
crete. It sets up what good practice requires of concrete inspectors and a background of 
information on the “why” of such good practice. Price $1.00—to ACI members 75 cents. 


“The Joint Committee Report” (June 1940) 


The Report of the Joint Committee on Standard Specifications for Concrete and Reinforced 
Concrete submitting “Recommended Practice and Standard Specifications for Concrete and 
Reinforced Concrete,”’ represents the ten-year work of the third Joint Committee, consisting 
of affiliated committees of the American Concrete Institute, American Institute of Architects, 
American Railway Engineering Association, American Society of Civil Engineers, American 
Society for Testing Materials, Portland Cement Association. Published June 15, 1940; 140 
pages. Price $1.50—to ACI members $1.00. 


Reinforced Concrete Design Handbook (Dec. 1939) 


This report of ACI Committee 317 is in increasing demand. From the Committee's Fore- 
: “One of the important objectives of the committee has been to prepare tables covering 

0s large a range of unit stresses as may be met in general practice. A second and equally 
important aim has been to reduce the design of members under combined bending and axial 


to the same simple form as is used in the solution of common flexural problems.”—132 
pages, price $2.00—$1.00 to ACI members. 


For further information about ACI Membership and Publications (including pamphlets 
presenting Synopsis of recent ACI papers and reports) address: 


AMERICAN CONCRETE INSTITUTE New Center Building Detroit 2, Michigan 
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Sources of Equipment, Materials, and Services 


A reference list of advertisers who participated in the Fifth 
Annual Technical Progress Issue of the AC] JOURNAL— 
the pages indicated will be found in the February 1946 issue 
and (when it is completed) in V. 42, ACI Proceedings. Watch / 
for the 6th Annual Technical Progress Section in the February 


1947 JOURNAL. 
Concrete Products Plant Equipment page 
Besser Manufacturing Co., 902 46th St., Alpena, Mich................-00-00 eee 436 


—Concrete products plant equipment, production 


Stearns Manufacturing Co., Inc., Adrian, Mich.......... paie vlaytaer eb oF 409 
—Vibration and tamp type block machines, mixers and skip loaders 


Construction Equipment and Accessories 


Atlas Steel Construction Co., 83 James St., Irvington, N. Y........5-....0020000- 495 
—Forms for concrete 
Blaw-Knox Division of Blaw-Knox Co., Farmers Bank Bldg., Pittsburgh, Pa. ..... 410-11 


—Truck mixer loading and bulk cement plants, road building equipment, buckets, 
batching plants, steel forms 


cs ok aks aaa bheadeeieaneseehnhecte ss sna 452 
entral mix, ready-mix, bulk cement and batching plants, cement handling 
equipment 
Chain Belt Co. of Milwaukee, Milwaukee, Wis..................2 2c ee ee eeee 430-1 
ixers, pavers, pumps 
Electric Tamper & Equipment Co., Ludington, Mich....................00005. 416-17 
—Concrete vibrators . 
Flexible Road Joint Machine Co., Warren, Ohio..............00 0 cee cece eee 432 
—Pavement joint and joint installers 
ae I lag in ia ae ay 434 
—Unloading and conveying pulverized materials 
Heltzel Steel Form & Iron Co., Warren, Ohio..... 2... 6.6 eee 454-5 
—Pavement expansion joint beams 
Jaeger Machine Co., The, Columbus, Ohio................ 0. ce eee eee eee 418-19 
—Concrete paving equipment 
i Twos ccccintipcdsecinesncceecetescedeaes 448 
ixing plant equipment 
NTE Te ee, se sae Chena mhaehes sues ehed 424 
—Tilting and non-tilting construction mixers 
Mall Tool Co., 7703 So. Chicago Ave., Chicago 19, Ill............0 0... e cece 431 
—Concrete vibrators 
CO cca senna secccsccccsncnsvccccsscecns 466-7 


—Concrete vibrators 
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ne Seas Co. Ganallon, 4: $5. 650 6k ise io ie cece eweNveeEszews 435 
Paving Mixers . 

Richmond Screw Anchor Co., Inc., 816 Liberty Ave., Brooklyn 8, N. Y............ 456 
—Planned form work 

Viber Co., 726 So. Flower St., Burbank, Colif. ............ 00. cc cece eee eee eee 499-3 


—Concrete vibrators 


Whiteman Manufacturing Company, 3249 Casitas Ave., Los Angeles Calif... .. 444-5 
— Vibrating and finishing equipment 


Contractors, Engineers and Special Services 


American Concrete Institute, New Center Bldg., Detroit 2, Mich. ............... 465 
—Publications about concrete 


Kalman Floor Co., Inc., 110 E. 42nd St., New York 17, N. Y......-..0.0000e: 420-91 
—Floor finishing methods 

Prepakt Concrete Co., The, and Intrusion-Prepakt, Inc., Union Commerce Bldg., 
Ee a RR Py ed ead dic Beh fh se 437-440 
—Pressure filled concrete 

Raymond Concrete Pile Co., 140 Cedar St., New York 6, N. Y............-0005- 414 
—Pile foundations 

Roberts and Schaefer Co., 307 No. Michigan Ave., Chicago 1, Ill............... 497 
—Thin shell concrete roofs 

Scientific Concrete Service Corp., McLachlen Bldg., Washington, D. C............. 496 
—Mix controls and records 

Vacuum Concrete, Inc., 4210 Sansom St., Philadelphia 4, Pa............2.0000: 449.3 
—Forms and lifters with suction controlled concrete 

Materials 

Anti-Hydro Waterproofing Company, 265 Badger Ave., Newark N. J......... 468-9 
—Waterproofing 

Calcium Chloride Assn., The, 4145 Penobscot Bldg., Detroit 26, Mich............ 420 
—Calcium chloride 

Concrete Masonry Products Co., 140 W. 65th St., Chicago, Ill................05- 415 
—Non-shrink metallic aggregate 

Dewey and Almy Chemical Co., Cambridge 40, Mass...............00ceeeees 450-1 
—Aiir-entraining and plasticising agents 

inmate MA A A I, Woes sss ccuiew's bs we dco ncdecheie deta cee 4192 
—Waterproofing 

Hunt Process Co., 7012 Stanford Ave., Los Angeles 1, Calif................005. 449 
—Curing compound 

Inland Steel Co., The, 38 So. Dearborn St., Chicago 3, Ill...............0200e, 446-7 
—Reinforcing bars 

Lone Star Cement Corp., 342 Madison Ave., N. Y..........00 cece eee cence 428-9 
—Cement performance data 

Master Builders Co., The, Cleveland, Ohio, Toronto, Ont..............0e00 457-464 
—Cement dispersing and air-entraining agents 

Sika Chemical Corp., 37 Gregory Ave., Passaic, N. J.........-cecececceceees 470-1 
—Waterproofings, plasticizer, and densifier 

United States Rubber Co., Rockefeller Center, New York 20, N. Y............08. 433 


—Form lining 


Testing Equipment 


Baldwin Locomotive Works, Philadelphia 42, Pa... 2.2.22... ccc cece cece eee 413 
—Testing equipment 
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SYNOPSES of recent ACI Papers and Reports 





Institute papers of this JOURNAL 
Vol. 18 which are currently avail- 
able. Unless otherwise noted sepa- 
rate prints are 25 cents each. 
Starred % items are 50 cents. Please 
order by title and title number. 


REINFORCED CONCRETE COLUMNS 
UNDER COMBINED COMPRESSION 
AND BENDING............-0eee0++ 43-1 
HAROLD E. WESSMAN—Sept. 1946, pp. 1-8 (V. 43) 


Algebraic methods available heretofore for the analysis 
of the reinforced concrete column subject to combined 
compression and bending have usually involved the solu- 
tion of a complex cubic equation and have taken con- 
siderable time when applied to particular problems. A 
new method of successive approximations converging 
rapidly to an exact answer and avoiding the use of the 
cubic equation is presented in this paper. The key to the 
method is the reciprocal relationship existing between 
the load axis and the neutral axis ot the transformed sec- 
tion. The method may be applied to any shape of cross 
section and any arrangement of reinforcing steel, provid- 
ing there is one axis of symmetry and the plane of bending 
coincides with this axis. The iueiee behind the method is 
presented and illustrated with three typical problems. 


EFFECT OF MOISTURE ON THERMAL 
CONDUCTIVITY OF LIMEROCK 

CPS ccccccccccccccscccccccce S98 
MACK TYNER—Sept. 1946, pp. 9-20 (V. 43) 


The coefficient of thermal conductivity, k, of limerock con- 
crete is a function of temperature, composition and density 
or moisture content. No attempt has been made to 
measure the effect of temperature on k. Holding the 
temperature reasonably constant, the effect of composi- 
tion on k has been measured for two limerock concrete 
mixes (1:5 and 1:7 by volume). The 1:5 mix has a k that 
is 10 per cent larger than the k for the 1:7 mix. 

With the temperature and composition held constant, 
the effect of moisture on k for the 1:5 and 1:7 mixes has 
been measured. The moisture content has a very profound 
effect on k, e.g. increases of moisture from zero to 5 per 


- cent increases the k of 1:5 mix by 23 per cent and from 


zero to 10 per cent increases the k by 46 per cent. Con- 
cretes should be kept dry if their maximum heat insulation 
effect is desired. 


CEMENT INVESTIGATIONS FOR 
OULDER DAM—RESULTS OF 
TESTS ON MORTARS UP TO AGE 
OP 10 YEARS... ..cccccccccccccces 4303 


RAYMOND E. DAVIS, WILSON C. HANNA and 
ELWOOD H. BROWN—Sept. 1946, pp. 21-48 (V. 43) 
The effects of composition and fineness of the laboratory 
cements employed in cement investigations for Boulder 
Dam upon strength, volume changes, and sulfate resistance 
of mortars, are reported for ages up to 10 years. For both 
wet and dry storage conditions, factors for each of sev- 
eral ages are given which indicate the contribution of 
each of the four major compounds present in portland 
cement to tensile and compressive strengths and volume 
changes. 


* ANALYSIS AND DESIGN OF ELE- 
MENTARY PRESTRESSED CONCRETE 
EG Sace sss cceaabicscccccccccs Speh 
HERMAN SCHORER—Sept. 1946, pp. 49-88 (Vol. 43) 


The purpose of this paper is to outline the analysis and 
design of elementary prestressed concrete members, such 





as beams, columns, ties, etc., subjected to internal and 
external axial forces and bending moments. The internal 
stresses, caused by the action of the prestress forces, are 
combined with the stresses due to external loads in three 
typical loading stages. The first stage considers the stress 
condition resulting trom the simultaneous application of all 
sustained loads. The second stage determines the stress 
changes due to normal live loads, based on a truly mono. 
lithic participation of the entire concrete area. The third 
stage assumes a crack tension zone, which condition 
introduces the derivation of ultimate stresses and clarifies 
the influence of the prestress action on the type of failure, 
The analytical expressions are simplified by means of 
convenient ratios, which essentially define the sectional 
shape, the effective steel prestress, and the concrete fiber 
stresses. Numerical examples serve to illustrate the various 
steps. 


*#xSTUDIES OF THE PHYSICAL 
PROPERTIES OF HARDENED PORT- 
LAND CEMENT PASTE 

Geert Ty Ee BO GORIB so 0 occ cccicc vce .43-5a 


(Part 2 and appendix) Price 75 cents. ..43-5b 


T. C. POWERS and T. L. BROWNYARD—Oct. 1946, pp. 
101-132, Nov. 1946, pp. 249-336 (V. 43) 


IN NINE PARTS 
Part 1. A Review of Methods That Have Been Used for 
Studying the Physical Properties of Hardened 
Portland Cement Paste 
Part 2. Studies of Water Fixation 
Appendix to Part 2 


Part 3. Th tical Interpretation of Adsorption Data 


Part 4. The Thermodynamics of Adsorption 
Appendix to Parts 3 and 4 


Part 5. Studies of the Hardened Paste by Means of 
Specific-Volume Measurements 


Part 6. Relation of Physical Characteristics of the Paste 
to Compressive Strength 


Part 7. Permeability and Absorptivity 


Part 8. The Freezing of Water in Hardened Portland 
Cement Paste 


Part 9. General Summary of Findings on the Properties of 
Hardened Portland Cement Paste 


This paper deals mainly with data on water fixation in 
hardened portland cement paste, the properties of evapor- 
able water, the density of the solid substance, and the 
porosity of the paste as a whole. The studies of the 
evaporable water include water-vapor-adsorption charac- 
teristics and the thermodynamics of adsorption. The dis- 
cussions include the following topics: 
1. Theoretical interpretation of adsorption data 
9. The specific surface of hardened portland cement 
paste 

. Minimum porosity of hardened paste 

Relative amounts of gel-water and capillary water 

The thermodynamics of adsorption 

The energy of binding of water in hardened paste 

Swelling pressure 

Mechanism of shrinking and swelling 

. Capillary-flow and moisture diffusion 

. Estimation of absolute volume of solid phase in 

hardened paste 

11. Specific volumes of evaporable and non-evaporable 
water 

12. Computation of volume of solid phase in hardened 
paste 

13. Limit of hydration of portland cement 

14. Relation of physical characteristics of paste fo 
compressive strength 

15. Permeability and absorptivity 

16. Freezing a water in hardened portland cement 
paste 
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*MINIMUM STANDARD REQUIRE- 


‘MENTS FOR PRECAST CONCRETE 


SE ccc sscccatueccezevs GRU 


REPORTED BY ACI COMMITTEE 711—Oct. 1946, pp. 
433-148 (V. 43) In special covers 


Supersedes 40-17, 42-11. 


These minimum standard requirements are to be used as 
wpplements to the ACI “Building Regulations for Rein 
forced Concrete” (ACI 318-41). With respect to design 
for strength, i. e., for bending moment, bond and shear 
sresses, all types shall be designed in accord with standard 
reinforced design theory and ACI 318-41. With respect 
to cover, there is in some cases departure therefrom 
iystiied by the greater refinement in the finished product 
when made by factory methods with factory control. Pre- 
cast foor systems with |-beam type and hollow core type 
joists are covered. Appendix contains applicable sec 
tions of the ACI code (ACI 318-41). This report, origi 
nally published in Feb. 1944 Journal, has been revised by 
the committee and adopted by the Institute as an ACI 
Standard, Aug. 1946. The committee consists of F. N. 
Menefee, Chairman, Warren A. Coolidge, R. E. Copeland 
Cliford G. Dunnells, H. B. Hemb, Harve Kilmer, Glenn 
Murphy, Gayle B. Price, John Strandberg, J. W. Warren 
Roy R. Zipprodt 


#RECOMMENDED PRACTICE FOR 
THE CONSTRUCTION OF CONCRETE 
BT EEAID ccccccccccccesccccccs SMe 


REPORTED BY ACI COMMITTEE 714—Oct. 1946, pp 
149-164 (V. 43) In special covers 

Supersedes 40-10, 42-12. 

These recommendations describe practice for use in the 
design and construction of concrete silos—stave, block 
and monolithic, for the storage of grass or corn silage 
The report is the work of the committee consisting of 
William W. Gurney, Chairman, J. W. Bartlett, Walter 
Brassert, Claude Douthett, Harry B. Emerson, William G. 
Kiser, R. A. Lawrence, G. L. | indsay, J. W. McCalmont, 
Dalton G. Miller, C. C. Mitchell, K. W. Paxton, B. M. 
Radcliffe, Charles F. Rogers, Stanley Witzel. It was 
adopted by the Institute as an ACI Standard Aug. 1946 


THE DURABILITY OF CONCRETE IN 
CC rrr rT. 
EH. JACKSON—Oct. 1946, pp. 165-180 (V. 43) 

This paper discusses the problem of concrete durability 
with reference primarily to highway bridge structures 
lxated in regions subject to severe frost action. Four 
major types of deterioration are defined and illustrated 
and several specific matters which have bearing on the 
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the so-called “‘cement-alkali’ aggregate reaction, are 
discussed. The report concludes with a series of 
recommendations indicating certain corrective measures 
which should be taken. 


WEAR RESISTANCE TESTS ON CON. 
CRETE FLOORS AND METHODS 
OF DUST PREVENTION ........... 43-9 


GEORG WASTLUND and ANDERS ERIKSSON—Oct. 
1946, pp. 181-200 (V. 43) 


This paper presents a description of tests made on con. 
crete floor specimens of various types in order to determine 
their resistance to wear and to investigate the character 
of deterioration of concrete floor surfaces due to traffic 
The results of these tests show that concrete floors pro- 
vided with finish courses containing coarse aggregate up 
to about }4 inch in size and an excess of pea gravel are 
definitely superior to concrete floors with a finish course 
containing fine sand only which are common in Sweden 
at the present time. Moreover, this investigation has 
helped to elucidate the causes of the often very severe 
and detrimental dusting of concrete floors. The surface 
skin of concrete floors is of poor quality and is easily 
abraded. Dusting can be considerably reduced if the 
poor surface skin is removed by machine grinding provided 
that the concrete below the surface skin is of first-rate 
quality. The pa>er concludes by proposing a detailed 
tentative specification for concrete floor finish which 
differs in essentials from current Swedish practice 


*LINING OF THE ALVA B. 
ADAMS TUNNEL......... césbohane 43-10 


RICHARD J. WILLSON—Nov. 
43) 


The 13.03 mile Alva B. Adams Tunnel, excavated under 
the Continental Divide, as a part of the transmountain 
water diversion plan of the Colorado-Big Thompson Pro 
iect, United States Department of the Interior, Bureau of 
Reclamation, is now lined with concrete. Lining equip 


ment and methods and aggregate process'ng are de- 
x ribed. 


1946, pp. 209-240 (V. 


REPAIRS TO SPRUCE STREET 
BRIDGE, SCRANTON, PENNA......43-11 
A BURTON COHEN—Nov. 1946, pp. 241-248 (V. 43) 


Repairs and reinforcements of the Spruce Street Bridge 
built in 1893 over the Lackawanna Railroad and Roaring 
Brook in Scranton, Pa. are described The 


effective 
application of the 


Alpha System-Composite Floor De 
sign reinforced the floor system at the same time a new 


concrete floor slab was laid Concrete prices are in 


problem, including the effect of construction variables, cluded and eleven illustrations supplement the text of the 
mdern vs. old fashioned cements, air entrainment and paper 
ehchitiiliatioeniaietill nianeeerittaaiadiial 
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Mark your Calendar—AClI’ 


Annual Convention, at Cincinnati, 


February 24-26, 1947 


43rd 








Statement of Ownership, Management, 
speeenien, Etc., Requir by the acts of 
Cos ress of August 24, 1912, and March 3, 1933 
OURNAL OF THE AMERICAN Concrete INatTI- 
i published 10 issues a year at Detroit, Michi- 
gan, for September 1946. 


STATE OF MICHIGAN... ‘ss 
COUNTY OF WAYNE 

Before me, a Notary Public i in and for the State 
and county aforesaid, personally appeared Harvey 
Whipple, who, having been duly sworn according 
to law, deposes and says that he is the Editor of 
the Journat or Tae American Concrete Instt- 
Toute and that the following is, to the best of his 
knowledge and belief, a true statement of the 
ownership, management (and if a daily paper, the 
circulation), etc., of the aforesaid publication for 
the date shown in the above caption, required by 
the Act of August 24, 1912, as amended by the Act 
of March 3, 1933, embodied in Section 537, Postal 
Laws and Regulations, printed on the reverse of 
this form, to wit: 

1. That the names and addresses of the publisher, 
editor, managing editor, and business managers 
are: 

Publisher, American Concrete Institute, 742 New 
Center Bldg., Detroit 2, Mich. 

Editor, ever Whipple, 742 New Center Bldg., 
Detroit 2, Mich. 

Managing Editor, None. 

Business Managers, None. 

2. That the owner is: (If owned by a corporation, 
its name and address must be stated and also im- 
mediately thereunder the names and addresses of 
stockholders owning or holding one per cent or 
more of total amount of stock. If not owned by a 
corporation, the names and addresses of the indi- 
vidual owners must be given. If owned by a firm, 
cemmere, or other unincorporated concern, its 
name and address as well as those of each individual 
member, must be given.) 

American Concrete Institute, 742 New Center 

» Detroit 2, Mich. 
H. F. Gonnerman, President, 33 W. Grand Ave., 
Chicago 10, Ill 


Stanton Walker, Vice- Toeeifent. 951 Munsey 
Bldg., Washington 4, D. 

R. F. Blanks, c/o U.S. Seis of Reclamation, 
Denver 2, Colo. 

3. That the known bondholders, mortgagees, 
and other security holders owning or holding 1 per 
cent or more of total amount of bonds, mortgages, or 
other securities are: (If there are none, so state.) 

NONE. 

4. That the two paragraphs next above, giving 
the names of the owners, stockholders, and security 
holders, if any, contain not only the list of stock- 
holders and security holders as they appear upon 
the books of the company but also, in cases where 
the stockholder or security holder appears upon 
the books of the company as trustee or in any other 
fiduciary relation, the name of the person or cor- 
poration for whom such trustee is acting, is given; 
also that the said two paragraphs contain state 
ments embracing affiant’s full knowledge and be- 
lief as to the circumstances and conditions under 
which stockholders and security holders who do 
not appear upon the books of the company as 
trustees, hold stock and securities in a capacity 
other than that of a bona fide owner; and this 
affiant has no reason to believe that any other 
person, association, or corporation has any interest 
direct or indirect in the said stock, bonds, or other 
securities than as so stated by him. 

5. That the average number of copies of each 
issue of this publication sold or distributed, through 
the mails or otherwise, to paid subscribers during 
the twelve months preceding the date shown above 


by Svar" (This information is required from daily, 
tri-weekly, semi-weekly, and weekly publications 
only.) 


HARVEY WHIPPLE, 
(Signature of editor) 


Sworn to and subscribed before me this 24th day 
of October, 1946. 
ETHEL B, WILSON, Notary Public 
(My commission expires Aug. 9, 1950) 
(smat] 
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Recent ACI Standards 


Minimum Standard Requirements for Precast Concrete Floor 


Units (ACI 711-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for the Construction of Concrete Farm 


Silos (ACI 714-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for the Design of Concrete Mixes 


(ACI 613-44) 


24 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Specifications for Cast Stone (ACI 704-44) 


4 pages: 25 cents per copy 


Specifications for Concrete Pavements and Bases (ACI 617-44) 
30 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for Measuring, Mixing and 
Placing Concrete (ACI 614-42) 


30 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for the Use of Metal Supports for 
Reinforcement (ACI 319-42) 


4 pages: 25 cents per copy 


Building Regulations for Reinforced Concrete (ACI 318-41) 


63 pages in covers: 50 cents per copy. (40 cents to ACI Members) 


Proposed Standards 


Proposed Manual of Standard Practice for Detailing Reinforced Concrete 
Structures 

Reported by ACI Committee 315. It is a separate publication of large format, 

bound to lie flat and presents typical engineering and placing drawings with 

discussion calling attention to important considerations in designing practice. 


55 pages; $2.50 per copy. $1.50 to ACI Members. (Distributed to ACI 
Members in July 1946) 


The Nature of Portland Cement Paints and Proposed Recommended Practice 
for Their Application to Concrete Surfaces 


Reported by Committee 616 as information and for discussion only. 20 pages, 
25 cents per copy (Reprint from ACI JOURNAL, June 1942) 


Proposed Recommended Stresses for Unreinforced Concrete 


Reported by Committee 322 as information and for discussion only. 4 pages, 
25 cents percopy. (Reprint from ACI JOURNAL, Nov. 1942) 
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The AMERICAN CONCRETE INSTITUTE 


is a non-profit, non-partisan organization of engineers, scientists 
builders, manufacturers and representatives of industries associate 

in their technical interest with the field of concrete. The Institute 
is dedicated to the public service. Its primary objective is to assist 
its members and the engineering profession generally, by gathering 
and disseminating information about the properties and applications 
of concrete and reinforced concrete and their constituent materials. 


For four decades that primary objective has been achieved by 
the combined membership effort. Individually and through com- 
mittees, and with the cooperation of many public and private 
agencies, members have correlated the results of research, from both 
field and laboratory, and of practices in design, construction and 
manufacture. 


The work of the Institute has become available to the engineering 
profession in annual volumes of ACI Proceedings since 1905. Be- 
ginning 1929 the Proceedings have first appeared periodically in 

ournal of the American Concrete Institute and in many separate 
publications. 


Pamphlets presenting brief synopses of Journal papers and 
reports of recent years, most of them available at nominal prices in 
separate prints, and information about ACI membership and special 
publications in considerable demand are available for the asking. 


New Center Building, Detroit 2, Michigan 








available from AC! at 25 cents each—dquantity quotations on request. Discussion 


To facilitate selective distribution, separate prints of this title (43-12) are icunion | 
[« this paper (copies in triplicate) should reach the Institute not later than April 1, 1947 
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The Structural Effectiveness of Protective Shells 
on Reinforced Concrete Columns* 


By F. E. RICHARTT 


Member Amercain Concrete Institute 


SYNOPSIS 

This paper presents a study of 108 plain, tied or spirally reinforced 
concrete columns. The columns were 7, 8 and 9 in. round or square, 
15 in. long, and the ties and spirals were 6 in. in diameter. 

The columns were loaded axially, with ‘flat’? ends. Strains were 
measured and close observations were made of the initial failure of the 
protective shell. 

Analyses of the test results were made to see if the column shells were 
fully effective. This was the case with the shells of spirally reinforced 
columns, but the tied columns showed a slight deficiency in the strength 
expected on the basis of previous tests of the 1930 ACI column investi- 
gation. 

The test results lend support to the design methods prescribed in the 
current ACI Building Regulations for Reinforced Concrete. 


INTRODUCTION 

The structural effectiveness of the concrete shell enclosing the rein- 
forcing unit of a concrete column has long been a controversial subject. 
For many years the design of spirally reinforced columns was based on 
consideration of only the area of the concrete core, probably because in 
tests the shell concrete cracks and spalls off before the spiral comes into 
action. The 1924 Joint Committee Report ‘)* recommended use of the core 
area for spirally reinforced columns but specified the gross area for tied 
columns. This does not seem consistent with any idea of fire protection, 
since if the shell area is reserved for fire protection purposes for spiral 
columns, it certainly should be likewise reserved for tied columns, which 
are likely to be more vulnerable to fire damage than those containing 
spirals. 





*Received by the Institute, September 20, 1946 
tResearch Professor of Engineering Materials, University of Illinois. 
tSee references end of text. 
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The 1940 Joint Committee Report © and the current ACI Building 
Regulations “ introduced a concept of spiral column behavior which 
makes it logical to use the gross area for all column sections. It is well 
known that both the shell and the spiral reinforcement contribute in a 
definite, calculable way to the strength of a column, but never act 
simultaneously, so that only one of the two should appear in a column 
formula. By specifying that enough spiral reinforcement be used to 
slightly exceed the strength contributed by the shell, the toughening 
effect of the spiral is provided as assurance against a sudden failure, 
but the spiral is not designed to provide a large contribution of strength 
after the shell fails. This design envisions the spiral as an insurance 
factor, a second line of defense, but does not call on it as an element of 
added strength, which would require a huge shortening of the column 
for its development. Such a spiral column develops its maximum strength 
by the action of the vertical steel and the overall concrete section; it is 
relatively stiff, the concrete section remains intact and the deformation 
is small (.0015 to .002) right up to the maximum load. This may be 
compared with spirally reinforced columns of what may be termed the 
European style of design, which may require a shortening of | percent 
or more at the maximum load, a complete spalling of the shell concrete 
and a tangent modulus of elasticity at high loads less than 5 per cent of 
the original value. 

Three questions have been raised regarding the effectiveness of shells: 
(1) Can sound, homogenous concrete be placed in the shell? (2) Will 
the spiral unit form a surface of cleavage between shell and core? (3) 
In tied columns, may the buckling of highly stressed vertical bars cause a 
premature splitting and failure of the shell? 


DESCRIPTION OF TESTS 


To secure information on some of the questions outlined, a series of 
tests was made in 1938 at the Talbot Laboratory, University of Illinois. 
The test columns used were both round and square, 7, 8 and 9 in. in 
diameter or width, and 45 in. long. Ties and spirals were circular, 6 in. 
in outside diameter. A few plain columns were 8 in. round or square. 


The columns were made with three grades of concrete, having average 
compressive strengths of 2880, 4900 and 6280 psi. The vertical bars 
used in all reinforced columns were four 4%-in. plain rounds, of hard grade 
steel. They were milled to exact length and were placed with the ends 
flush with the plane ends of the column. 

The spiral reinforcement was of drawn wire of nine different. sizes, 
having useful limit values ranging from 61,600 to 97,000 psi. In all cases 
the pitch of spiral was 1 in. Three designs of spiral were used: design A 
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(spiral equivalent to shell), complying very closely to the ACI Building 
Regulations, Section 1103; design B (spiral stronger than shell), with 
roughly 40 percent more spiral than design A; and design C (spiral weaker 
than shell) with roughly 40 percent less spiral than design A. Due to 
variations in the actual strengths of spiral wire and concrete, and the 
relatively few wire sizes available, it was not possible to produce the 
columns with the exact relations between spiral and shell strengths just 
specified. 

The concrete, made with torpedo sand and a gravel of 1l-in. maximum 
size, was machine mixed, and was placed with the aid of a Viber internal 
vibrator. No difficulty was found in securing sound concrete, with 
smooth surfaces. 

All of the columns were cured 28 days in a standard moist room. They 
were tested with flat ends, following the usual procedure of applying 
loads in ten or more increments, taking strain measurements at each 
increment. Because the failure of the shells destroyed gage lines, measure- 
ments were taken with attached extensometers and were discontinued 
after spalling of the column shell began. 

It is of interest that tests of 8-in. round and square columns, two of a 
kind, gave ratios of strength of column to that of 6 by 12-in. cylinder as 
follows: lean concrete, 0.83; medium concrete, 0.84; rich concrete, 0.87; 
average, 0.85. 


RESULTS OF TESTS OF SPIRALLY REINFORCED COLUMNS 
Shell failures 

Nearly all of the columns of normal design A and all of design C, 
deficient in spiral, failed when the protective shell began to spall. While 
with further compression and shortening some of these columns developed 
a second ‘‘maximum”’ load due to the action of the spiral, this load never 
exceeded the load at first spalling. 

Two columns of design A, and all of design B with an excess of spiral, 
developed considerable additional load after the shell failed. They furn- 
ished useful information, however, on the effectiveness of shells at the 
spalling load. 

For the columns which developed shell failures, the column strength 
may be expected to be the sum of the strength of the vertical steel, at 
its yield point stress, and the gross section of the concrete at its ultimate 
capacity. From the results of many previous tests“, this may be 
written 

Pom B06 hs — Ad fc Be@geindicas 0006 ie 
The notation used is defined in Table 1. The factor 0.85 represents an 
experimental determination of the ratio of the strength of concrete in a 
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column 7% diameters in length to that in a 6- by 12-in. cylinder, and ig 
based on a large number of tests. It is proposed to insert the results of 
the present series of tests in eq. (1) and solve for the numerical factor, 
If the result is 0.85 or more, it would seem to indicate complete effective- 
ness of the shell concrete, or, that with the varying length-diameter 
ratios used in the tests, the factor should be slightly greater than 0.85. 

The results of this analysis are given in Table 1. From the total load 
at shell failure, P, the contribution of the vertical steel has been deducted: 
the remainder, divided by the product of concrete area (A, — A,) and 
cylinder strength, f’., gives the experimental factor, C. The values of C 
are seen to range from 0.75 to 0.94, with a grand average of 0.83. The 
average value is 0.84 for columns with square shells and 0.82 for those 
with circular shells. 

From the last column in Table 1, it is seen that the shell area for these 
tests columns represent an excessively large proportion of the total con- 
crete area, 27 to 66 percent, with an average for the group of 49 percent. 
This is considerably greater than would generally be used in large building 
columns and constitutes a rather severe test of the shell areas. In view 
of this condition, the average value of the constant C of 0.83 for the total 
concrete area may be considered in good agreement with the expected 
value of 0.85. There is nothing to show that the slight deficiency is due 
to a shortcoming of the shell concrete any more than of the core concrete; 
if the shell concrete is to be charged with all of it, the deficiency is less 
than 5 percent. For all practical purposes this is negligible. 

A brief study indicates that there is no consistent effect of class of 
concrete, shell thickness or design of spiral, as indicated by the following 
tabulation of average values of C from Table 1. 





Class of Value of Minimum Value of | Design | Value 
concrete C shell Cc of spiral 
thiciness 
A 0.831 14 in. 0.845 Normal—A 0.825 
B 0.798 1 in. 0.821 Excessive—B 0.835 
C 0.862 11% in. | 0.842 | Deficient—C 0.833 


The record of the tests shows no indication of lack of soundness or 
reliability of shell concrete and no indication of a surface of separation 
coincident with the position of the spiral. Failure of the shell occurred 
at strains corresponding to those at failure of the plain concrete. At 
these strains in the reinforced columns there was the usual plastic bulging 
of the core and the development of stress in the spirals. 








A\ 


Gr 


; or 
Lion 
rred 

At 
ring 





EFFECTIVENESS OF PROTECTIVE SHELLS 357 


TABLE 1—RESULTS OF SPIRAL COLUMN TESTS, SHELL FAILURES 


The maximum load listed is the load at which there was definite failure of the shell, even though the column 
later developed additional strength. All columns were 45 in. long, with 6 in- core diameter; vertical bars, 
4 \%-in. round; area, As = 0.76 sq. in.; yield point, fy = 50850 psi.; Asfy 38.5 kips. Ag is the gross 
or overall area of the column. Spiral ‘design A has spiral roughly equivalent to shell; design, B, spiral 
stronger than shell, design C, spiral weaker than shell. Maximum load, as defined above, 
P = C (Ag — As) f’c + AsSy, whence 

P - Asfy . 

(Ag — As)f'e 
Value of C, from previous tests, was 0.85. Two columns of a kind. 


Column Concrete Total 
” Spiral Total | Max. load | Factor, Av. ratio, 
Size, | Shape | design | Class | Comp. |concrete| load, | on con-| C pie yee 
in. strength) area ‘ crete ie 
f'-, psi. |Ag— As} kips | P-A.fy,| con- A,—A, 
sq. in. kips crete 
8 square A A 3240 | 63.86 | 194.0 | 155.5 750 
B A 2360 63.32 | 165.0'| 126.5 845 
C A 2405 63.38 | 173.5 | 135.0 885 .565 
8 | square A B 4900 | 63.40 | 293.0 | 254.5) .819 
B B | 5000 64.04 | 294.5! 256.0 . 800 
i. B 4455 | 63.32 | 262.0 | 223.5 810 . 566 
8 square} A | C_ | 6145 | 63.16 | 376.8'| 338.3 | .872 
B C 6235 62.77 | 379.0'| 340.5 870 
C C 5520 63.56 | 362.0 | 323.5 .920 564 
7 | square A A 2555 48.31 137.5 | 199.0 .801 
A B | 4650 | 49.30 | 219.5 | 181.0! .788 
A C 5605 | 48.52 | 275.0 | 236.5 867 .434 
9 | square A | A 3265 | 81.50 | 271.5 | 233.0 | .875 
A B 4985 | 82.50 | 374.5 | 336.0 | .815 
\ C 6465 81.96 | 510.0 | 471.5 891 . 665 
Av. square | ABC | ABC .840 .559 
8 round A A 3240 48.69 | 165.5 | 127.0 804 
B A 2360 48.57 | 1388.5'| 100.0 887 
C A 2405 48 .94 135.0 96.5 . 820 136 
s round A B 4900 | 48.81 | 222.5 | 184.0 | .779 
B B 5000 49.25 | 219.5'| 181.0 735 
C B $455 48.70 | 208.0 | 169.5 .780 438 
8 round A C 6145 48.81 | 265.0'| 226.5 750 
B C 6235 48.82 | 304.0!'! 265.5 871 
C C 5520 48.69 | 248.5 | 210.0 781 436 
7 | round A A 2555 | 37.24 | 117.8 79.3 . 833 
A B 4650 | 37.56 | 185.5 | 147.0 840 
A C 5605 | 37.72 | 238.0 | 199.5 942 267 
9 round A A | 3265 62.86 204.8 | 166.3 .810 
A B 4985 | 62.91 | 291.0 | 252.5 840 
A C 6465 | 62.93 | 386.5 | 348.0 856 563 
Av. | round | ABC ABC 820 .428 


Grand | Square | 
Av. '& round) ABC | ABC |! 830 


'These columns carried additional load due to spiral, after shell failed. 
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Spiral failures 

Table 1 indicates that after the shell had failed, certain columns of 
spiral designs A and B took further load, and after a large amount of 
shortening developed a maximum load. The significant results of these 
tests are given in Table 2, together with an analysis based on the con- 
ventional equation” for the strength of a spirally reinforced column, 
The maximum load, P, is as follows: 

eee ma. oe) + ALS, + KX pf Ac.... 2... c cee cee en (2) 

The meaning of the notation is given in Table 2. The three terms in 
the right hand member of the equation represent the contributions of 
the concrete core, the vertical bars, and the restraining effect of the spiral, 
respectively. By substituting the known areas of sections, the per- 
centages of reinforcement and the experimental values of cylinder 
strength f’., the yield point stress of vertical bars, f,, and the useful 
limit of the spiral steel, values of the factor K are obtained. The useful 
limit of the spirals is an arbitrary measure of the spiral strength at a 
strain of 0.005 and was proposed by the writer in 1931 © after a study of 
measured spiral deformations at or near maximum load in a large number 
of test columns. 


TABLE 2—RESULTS OF SPIRAL COLUMN TESTS, SPIRAL FAILURES 


Maximum Load, P, is load at complete failure of column. Columns 45 in. long, two of a 
kind. Core diam., 6 in. Core area, A., = 28.3 sq. in. Vertical bars, 4 14-in round, 
A,f, = 38.5 kips. Per cent spiral p’ by volume of core; f’, = useful limit stress in spiral. 
Vertical steel ratio, p = .0268, on core area. Spiral design A, spiral roughly equivalent 
to shell, design B, spiral stronger than shell. Spiral effectiveness factor, K, is computed 
from equation 

K p'f,'Ac = P — 0.85 A-f’. (l-p) — Asfy 























Concrete Steel reinforcement B85Acf'| Spiral 
— — ————_— —-——_—_ , —_—_ |- - | Max. | (l-p) | =, | effec- 
Class| ff’. |Design) A, used p’ | f'. | pf’. | load, | +A,f,.| 22 | tive 

psi. Kp'f.’Ac | kips | psi. P kips a | ness 
in per kips < K 
column sq.in. 
| | 

C 6145 A _ [8 in. sq. .0494 | 72.4 | 3575 | 408.5 | 182.1 | 226.4 | 2.24 

C 6145 | A | = i | .0324 | 76.2 | 2470 | 323.0 | 182.1 | 140.9 | 2.02 

A | 2360, B [8in.sq. | .0324 | 76.2 | 2470 | 199.7) 93.7 | 106.0 | 1.52 

A 2360 = =B rd. | .0191 | 90.1 | 1720 | 159.0 | 93.7 65.3 | 1.34 

B | 5000.  B sq. | .0494 | 72.4 | 3575 | 323.0 | 155.5 | 167.5 | 1.66 

B 5000 =—«iB = | .0324 76.2 | 2470 | 275.0 | 155.5 | 119.5 | 1.71 

C 6235 | B | sq. | .0696 | 61.6 | 4285 | 423.0 | 184.3 | 238.7 | 1.97 

C 6235 | B | | | .0494 | 72.4 | 3575 | 377.0 | 184.3 | 192.7 | 1.91 
Average 1.80 
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It is seen that the average value of K found from these tests is 1.80. 
The value which has been found in previous tests at this laboratory, 
particularly in the ACI Column investigation in 1930 “, was about 2.0, 
though corresponding tests made at Lehigh University gave a consider- 
ably lower value. The current tests have rather unusual features; very 
high values of the useful limit stress in the spirals (61 to 90 kips per sq. 
in.) combined with spiral percentages of 1.9 to 7.0. The results indicate 
very satisfactory effectiveness of spiral even in the highest percentages 
employed. The fact that the spiral factor K is a little lower than the 
value of 2 assumed in the design probably explains why most of the 
columns having the normal spiral design A developed their maximum 
load through the shell rather than through the spiral contribution. 


Results of tests of tied columns 


The results of the tests of thirty six round and square tied columns 
are given in Table 3 and the results have been analyzed in the same way 
as those of the spirally reinforced columns of Table 1. As before, the 
factor C for the concrete is slightly greater for the square columns than 
for the round ones, though the difference is hardly enough to be significant, 

The feature that is surprising, and somewhat disturbing, is that the 
factor C averages only about 0.75 instead of the value 0.85 expected. 
These columns were designed to be identical, except for the use of ties 
instead of spirals, with a part of the columns of Table 1. The vertical 
bars were identical in amount, quality and position, and the concrete 
was of the same proportions. There is little variation in C due to size of 
column or kind of concrete, though the smaller columns and the stronger 
concretes show a slight superiority. 

In other tests, the value of C equal to 0.85 has generally been found to 
apply equally well to plain, tied or spiral columns. The reason for the 
low value of 0.75, about 11 percent lower than expected, is not apparent. 
It might be surmised that the ties and the concrete shell were not sufficient 
to prevent premature buckling of the vertical bars as the yield point was 
approached, but nothing about the manner of failure indicated this. 
Failure of all elements of the columns apparently took place at the same 
instant, suddenly and without warning. Furthermore, many of the 
previous tests had virtually no shells at all to restrain the buckling of the 
bars. 

It should not be implied that the results of this group of tests should 
nullify or supersede the results of many equally reliable previous tests 
on which the conventional value of 0.85 was based. The results, how- 
ever, combined with the sudden type of failure characteristic of tied 
columns, do furnish a good argument for requiring a higher factor of 
safety for this type of column. The current ACI Building Regulations, 
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TABLE 3—RESULTS OF TIED COLUMN TESTS 


All columns 45 in. long, 7, 8 and 9 in. round or square. Vertical 
bars, 4 -in. round; yield point 50,850 psi. A, = 0.76 sq. in., 
A.f, = 38.5 kips. Ties, 6 in. diameter, No. 9 wire, 6 in. spacing. 
Two columns of a kind. 

c . P— 385 














| (Ag As) f’e 
Column | Concrete 
_— —|—— ‘ee-wsaca Total Maximum load Factor, C 
Size, Shape | Class | Comp. | concrete - for 
in, | strength | area kips concrete 
| fe, psi. | sq. in. 
| | | (Ag-As) 
7 |square}| <A | 2520 48.31 129.8 750 
B 4190 48.38 212.0 857 788 
, 5820 47.05 245.0 755 
8 square | A | 2955 63.96 173.0 | .711 
B 5075 64.52 305.2 .815> .791 
C 6665 62.92 394.0 848 
9 square | A | 3050 81.51 219.2 727 
B 5640 82.51 346.2 664 750 
C 6420 82.13 491.8 860 
Average 776 
7 round | A 2520 37.67 109.3 | .745 
B 4190 37.46 160.0 774) .743 
C 5820 37.45 193.5 711 
8 round A 2955 48.56 137.5 691 
B | 6075 48.88 226.0 762> .735 
C 6665 48.81 283.3 . 753 |} 
9 round | A 3050 61.66 177.0 738 
| B 5640 63.14 286.3 697> .729 
C 6420 62. 2 339.5 753 
ae ao ro 4 } 
Average . | .736 
Grand Average 756 





based on tests in which the factor 0.85 was found, require a factor of 
safety 25 percent greater for tied columns than for those with spiral 
reinforcement. For the usual range of materials the ACI Regulations 
provide a factor of safety against failure ranging from 3.7 to 4.4. A 
little study shows that if the factor 0.75 is substituted in the ultimate 
load formula, the factor of safety under the ACI Regulations is still 
3.5 to 4.0. Hence, even if these tests were the only source of information 
on the subject, it is seen that the ACI design procedure would still 
provide ample safety for such columns. In fact, compared to some 
European codes, it may be considered distinctly conservative. 
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GENERAL COMMENTS 


The foregoing information seems to controvert two opinions frequently 
held among engineers. One was that the shells of tied columns, because 
of better conditions for placing the concrete, would surely be more re- 
liable than those of spirally reinforced ones. The other, as stated in the 
1928 ACI Building Code, was that while the full gross section of tied 
columns might be used without question in design, the shells of spiral 
columns should be neglected as a load carrying element. As used in the 
eurrent ACI Building Regulations, the use of the gross area formulas 
for spiral columns appears fully justified. 

In addition to the information from these tests, there are two groups 
of fairly recent European tests which contain contributions to the 
subject. 


Austrian tests 


A series of column tests, made by a subcommittee of the Austrian 
Committee on Reinforced Concrete, was reported in 1931 by the late 
Dr. F. Emperger®. The tests included forty types of plain, tied and 
spirally reinforced columns. The columns were generally 20 or 24 em. 
square or 22.5 cm. in diameter and were 150 cm. in length. 


From tests of a relatively small group of columns, Emperger concluded 
that for columns with heavy ties or light spirals the full gross area of the 
column could be relied upon, but for columns with light ties the shell 
might fail at strains in the neighborhood of 0.001 before the vertical 
steel had attained its full yield point stress. This does not agree with the 
writer’s tests, in which the plain and tied columns developed strains of 
0.0015 to 0.0020 and more before failure, but may have some bearing on 
the low concrete effectiveness in the present tests of tied columns. 


Dutch tests 


Column tests by the Dutch Concrete Association, Amsterdam, were 
reported briefly by N. J. Rengers in 19382 ™. About 35 of the test 
columns were spirally reinforced, with 22.5 em. core diameters, with 24 
em. square shells or without shells. The author gives the unqualified 
conclusion, and with relatively little analysis of the test results to support 
it, that with the weaker grade of concrete used (cube strength, 188 kg 
per sq. em.) 80 percent of the shell area was effective, while with a stronger 
concrete (cube strength, 389 kg per sq. em.) 100 percent of the shell area 
was effective. Since the vield point of the vertical bars is not known, it is 
difficult to make any accurate analysis of the results, but unless a steel of 
high strength was used, it appears that the effectiveness of the shells 
made with the weaker concrete must have been considerably more than 
the 80 percent quoted. 
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CONCLUSION 


The tests described in this paper indicate that the shell concrete of 
spirally reinforced columns can be counted on for full effectiveness as a 
load-carrying element, if the concrete is properly placed and compacted, 

The effectiveness of the concrete section of tied columns in these tests 
was only about 90 percent of the value expected on the basis of previous 
tests of tied columns. 

The effectiveness of the spiral reinforcement in those columns in which 
the strength produced by the spirals was greater than that contributed 
by the column shells was 1.80, as compared with the value of 2.0, which 
is usually found from such tests. However, this is a factor which may be 
expected to vary considerably, and considering the high strengths and 
percentages of spiral reinforcement employed, this value may be con- 
sidered as satisfactory. 

The results of the studies of shell effectiveness would seem to support 
the present ACI design method in which the gross area of spirally rein- 
forced columns is employed. Spiral columns designed on this basis 
have two very desirable physical characteristics, the relatively high stiff- 
ness of a tied column right up to the maximum load and a slow manner 
of failure, marked by the spalling of the shell, at the maximum load. 

The rather small group of tied column tests indicates a little less 
effectiveness of the shell concrete than was expected on the basis of other 
tests; this, together with the well-known sudden and violent type of 
failure observed in the tied columns, is consistent with the ACI design 
provisions, which call for a factor of safety for tied columns 25 percent 
greater than that for spirally reinforced columns. 
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Precast Concrete Structures* 


By A. AMIRIKIANT 


Member American Concrete Institute 


SYNOPSIS 


Precasting is becoming a major factor in the choice of reinforced con- 
crete as a construction material because of ever-rising cost of labor and 
materials. The advantages of precasting are not however confined to 
savings in cost and materials. Since it is a planned method of construc- 
tion, comparable to factory production, its use also assures a better 
control of quality and speedier completion of the project. This article 
is an attempt to show how precasting can be utilized to provide the 
framing of a great variety of structures. The first part deals with bent 
type of framing as used in buildings, the second describes a novel type of 
framing consisting of precast cells, particularly suitable for floating 
structures. 


GENERAL CONSIDERATIONS 


Weight and strength are primary considerations in precasting. A 
successful design is one which utilizes the smallest number of assembly 
elements possessing the least weight during erection and the greatest 
strength per unit weight of framing. 

Since precasting is a controlled operation, performed under ideal 
conditions of forming, pouring, vibration, curing and inspection, the 
requirements of strength and the dimensional restrictions necessary for 
the casting of slender sections are generally met with but little difficulty. 
Obviously, the technique of casting will differ in many details from that 
of a conventional poured-in-place job. The basic features include the 
fellowing: 


Position of pours 


All casting is accomplished in the flat or horizontal position of the 
element, thus assuring ease of pours, control of quality and thinness of 
sections unobtainable in vertical pours. 


*Presented 42nd Annual Convention, Buffalo, N. Y., February 21, 1946. 
tHead Designing Engineer, Bureau of Yards and Docks, U. 8. Navy Dept., Washington, D. C. 
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Form work 

Container forms of cast elements are of rigid construction for a close 
maintenance of dimensions and may have rather elaborate details and 
outline. These forms usually are built of steel or concrete, suitable for 
multiple and repeated use. In accordance with the shape of the elements, 
they may be either stationary pan type or rotary box type. 


Minimum thickness for casting 
With the aid of vibration and positioned pouring, it is possible to cast 
structural elements as thin as 1% in. 


Grade of concrete 
Thin sections and lighter weight elements will require the use of high 
strength concrete, with a nominal 28-day strength of 4000 psi to 5000 psi. 


Size of aggregate 
In most cases the size of the coarse aggregate will be limited to 4 in. 


Reinforcing 

The reinforcing of plaques, webbing and cellular elements will consist 
mainly of high-tensile wire fabric of rather close mesh, with a minimum 
yield value of 70,000 psi. In some cases wire fabric may be supplemented 
with ordinary concrete reinforcing bars. 


Cover and spacing of reinforcing 
The minimum cover for wire mesh may vary from 14 in. to %% in., and 
the clear spacing between reinforcing rods may be reduced to | in. 


Casting tolerance 
Elements may be cast with a tolerance of 3 in. as regards the thick- 
1 . . . . 
ness and to an accuracy of ié in. in overall dimensions. 


Shapes of cast elements 

The cross section of the element may generally conform to one of the 
following outlines: (a) solid rectangular with or without ribs, as in slabs 
and plaques; (b) channel, tee- or ell-shaped; and (c) hollow rectangular, 
as in a cell or box. 


Types of framing 

According to framing arrangement, types of precasting may be grouped 
under two general headings: (a) bent framing and (b) cellular framing. 
The arrangement of the first type is in conformity with the so-called 
conventional framing as generally utilized in building construction. The 
second type is rather novel as regards arrangement and presents a new 
medium of framing for structures afloat and on shore. <A brief descrip- 
tion of each type, covering general characteristics, basic details and the 
extent of application, follows. 
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1. BENT FRAMING 


General arrangement 


The main components of a building frame consist of the floor and roof 
members and the supporting bents in the form of arch ribs, rigid frames 
and continuous or simply-supported girders and beams. 


Floor, roof and wall panels 

In devising a precast element to span the main supports or frames, 
one is obviously influenced by the framing arrangement of a conven- 
tionally designed poured-in-place job. In that type of construction, the 
floor or roof slab is supported either directly by the main framing, as a 
one-way or two-way slab, or by stringers which in turn frame into the 
bents. Except for conditions of unusual loading, the latter arrangement 
will generally result in a framing of the lightest weight. In addition to 
the type of framing, the choice of precast elements is affected by such 
other considerations as limitations in over-all dimensions and weight for 
assuring ease in handling, a minimum amount of jointing and simplicity 
in connections. 


Fig. 1 (a) illustrates a precast panel having a framing arrangement in 
conformity with conventional type of construction. As will be noted, 
the unit consists of a slab, two longitudinal edge beams or girders and a 
series of transverse beams which divide the panel into sub-panels of 
square or rectangular outline. The length of the panel may vary from 
16 ft. to 30 ft. and the width from 4 ft. to 8 ft., in accordance with facilities 
of erection. For a live load of up to 75 psf, the corresponding weight of 
the panel will vary between a minimum of about 34 ton to a maximum 
of about 6 tons. A suggested detail for connecting the panels together 
and anchoring them to the supports is shown in Fig. 1 (b). 


As an alternative to the flat-panel framing arrangement, the unit 
may be cast in the form of a half-barrel shell, stiffened with a series of 
diaphragms. Three typical panels illustrating this method of framing 
are shown in Fig. 2. The panel in (a) represents the simplest type, and 
is suitable for roof or wall framing. For floor construction, the panel 
may be somewhat modified by the addition of exterior diaphragms to 
form supports or chairs for the flooring. While in general the unit will 
consist of a single half-barrel, the section may also be made of multiple 
half-barrels, as shown in (b) and (c), according to the requirements of 
framing and facilities of erection. Due to curved shell action, the weight 
of a half-barrel panel will be considerably less than that of a comparable 
flat panel. As regards casting, no serious difficulties are anticipated, 
since all diaphragms may be precast and set in the form prior to pouring 
of the shell. 
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Connection Details of Panels to Girder 


Fig. 1—Flat-type roof or wall panel 











PRECAST CONCRETE STRUCTURES 369 








Shell 





~Strir ger 
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Girders 

In devising a most favorable cross-sectional form for a precast beam, 
one is obviously guided by the fundamental principle of placing material 
at locations of optimum efficiency. The problem is one of furnishing 
sufficient section for bending and shear with the least cross-sectional area, 
Since the parts of a rectangular cross section which most effectively resist 
bending are those located farthest from the neutral axis, it is evident 
that a large reduction in the area of a solid section, as generally utilized 
in conventional concrete construction, can be made by removal of less 
effective parts of the core to form a hollow section. While the use of 
hollow sections may in general be found impracticable in poured-in- 
place construction, the positioned casting of such sections on the basis 
of planned production involves but little difficulties. In some cases the 
section may be cast as one unit; in most cases, however, it will be more 
convenient to cast it in two pieces in the form of channels.* Fig. 3 illus- 
trates the latter method of casting as applied to a continuous beam or 
girder. The general arrangement of framing is shown in the sectional 
elevation, Fig. 3 (a), and a typical cross-section is given in Fig. 4. The 
channels have thin webs, reinforced with wire-mesh, and flanges of 
sufficient thickness to accommodate the main longitudinal reinforcing 
and to provide the necessary compression area. The same section also 
illustrates a suggested method for interconnecting the two channels. 
The arrangement consists of a pipe-separator assembly, Fig. 3 (d), cast 
either in the flanges of each channel or in embossed lips under the flanges, 
and held together by through bolts. Two types of beam splices are 
sketched in (b) and (c) of Fig. 3. In the former method the continuity 
of the member is maintained by lapping or welding some of the longi- 
tudinal rods of the abutting segments. For this purpose, a wedge- 
shaped opening is provided at the ends of the cast segments. After com- 
pletion of the welding, the openings are closed by either guniting to the 
normal thickness of the cast element or by filling concrete in the splice 
compartment. In the other method of splicing, shown in Fig. 3 (c), the 
longitudinal reinforcing is spliced by looping and anchoring into the con- 
crete fill of the splice compartment. For clarity of presentation, the 
wire mesh reinforcing is omitted from the details. 
Rigid-frame bents 

The basic features of framing described above for continuous beams 
are also applicable to rigid frames. The simple bent shown in Fig. 4 
will serve for illustration. As will be noted, the assembly is composed of 
five main segments: a girder, two columns and two connecting knees. In 
some cases it may be possible to cast. the column sections with the knees 
and thus reduce the number of the involved splices from four to two. 





*Patent applied for by U. 8S. Navy in the name of A. Amirikian. 
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Fig. 3—Continuous girder 
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Fig. 4—Rigid-frame bent 


Here again the component elements of each segment or member consist 
of two channels, as shown in the typical section in Fig. 4, joined to- 
gether by a bolt-and-sleeve arrangement (connector detail). As an 
alternative to the latter detail, loose timber block separators may be 
substituted for the cast-in pipe-sleeves (see strut detail). To obviate 
possible over-strain on the concrete when tightening the bolts, welded 
washers are provided at the two ends of each sleeve, cast in the flanges 
with slight projections and serving as bearing plates. 











372 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE December 1946 

















en. ine. i | 
(c) (d) 4+ 4 
Typical Cross- Cross-Section Longitudinal Section at Detail of Abutment 
Section at Joints Joints 






(a) ue 





ELEVATION OF R16 





ARCH 


Fig. 5—Arch bent 


Arch bents 

The precasting of an arch bent, as shown in Fig. 5 (a), presents no 
different problems than those encountered in the construction of rigid- 
frame bents. The main assembly will consist of segments of either 
straight or curved outline and of hollow cross section. These segments 
may be cast either in one piece, as tubular units, or in two pieces in the 
form of channels as previously described. Hollow sections being partic- 
ularly adaptable for the pattern of arch stresses, the use of these tubular 
segments of relatively lighter weight makes it possible to construct 
precast concrete building or hangar arches up to 500 ft. of span, with 
erection ease comparable to steel rib construction. The lengths of the 
erection segments, and the corresponding number of the field splices, 
will obviously vary in accordance with the handling and erection facilities 
available for each project. In general, arch ribs up to 200 ft. in span 
may be erected in three segments, consisting of a center and two abutment 
pieces. For shorter spans, say up to 120 ft., the latter two segments 
may be eliminated and the rib erected in one piece. A suggested detail 
for interconnection of the erection segments is shown in Fig. 5 (b). 


2. CELLULAR FRAMING 
Cellular slab 
By definition, a cellular slab is an egg-crate framing arrangement in 
which interconnecting vertical web panels are anchored between two 
horizontal flange plates to form a series of cells. The evident advantage 
of a slab so composed over a solid slab lies in its greatly reduced weight 
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for comparable strength. While the basic idea of cellular framing is not 
new, since it is used to a certain extent in some types of steel structures, 
inherent difficulties and limitations in poured-in-place concrete work 
have precluded hitherto its utilization in concrete construction. How- 
ever, precasting, with the aid of a new structural element, in the form 
of a precast cell, eliminates the involved difficulties and provides un- 
limited opportunities of application of the principle to a great variety of 
structures. 
Concept of cell 

As in the case of many inventions, the concept of the precast cell is 
traceable to the exigencies of war. Due to the unavailability of steel 
plating, it was necessary to use reinforced concrete as a substitute 
material for the construction of certain types of auxiliary floating craft 
for the Navy. The resulting structures obtained by the conventional 
poured-in-place construction technique, while structurally adequate, 
were however much too heavy in comparison with the steel prototypes. 
To reduce weight, consideration was given to the use of precast panels. 
However, the task of assembly and jointing of a great number of loose 
plates to form a given framing appeared too difficult for a satisfactory 
solution. It was in laboring with this practical phase of the problem 
that the idea of a cell or box-shaped structural element was conceived 
by the author.* 
Detail of cell 

Fig. 6 (a) illustrates the basic features of the element. Essentially, 
it is a rectangular box with two open ends and four faces which join to 
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Fig. 6.—Typical precast cells 


*Patent applied for by U. 8. Navy in the name of A. Amirikian. 
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Fig. 7—Single-layer cell assembly with poured-in-place top and bottom slabs 


form a channel-shaped groove at the corners. The faces may be solid 
or have openings as required. The wire-mesh reinforcing protrudes from 
all four edges of each face to serve as a means of connection splice be- 
tween adjoining boxes of an assembly. 

The box is cast on a rotary collapsible form, enabling each of the sides 
or walls to be poured continuously, in succession, in a horizontal position. 
This positioned pouring assures ease and control of operation, and 
enables the casting of very thin sections of great strength. 

By varying the three over-all dimensions of the box, it may be shaped 
as a cube or as a prism, in accordance with the required framing arrange- 
ment. In cross-section, the box may have an outline other than ree- 
tangular, such as, triangular or hexagonal. Some of these forms are 
shown in Fig. 6. 

Framing arrangement 

Having described the characteristic of the box, it now remains to 
show how it can be utilized in a cellular framing. As stated above, the 
framing comprises a series of vertical bulkheads which intersect each 
other at right angles to form an egg-crate webbing, and two horizontal 
plates which serve as the top and bottom flanges of the slab. In accord- 
ance with two basic arrangements, a set of boxes may provide either a 
part of the framing, such as the egg-crate webbing, or the entire framing. 

To obtain the first arrangement, the boxes are set on their ends, abut- 
ting cornerwise on a checker-board pattern, as shown in Fig. 7. With 
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Fig. 9—Multiple-layer cell assembly 


precast webbing thus furnished by the boxes, the framing is then com- 
pleted by pouring in place the top and bottom flange slabs. 


Fig. 8 illustrates the second arrangement. As will be noted, here 
the boxes are set on their sides and so oriented that the open end of one 
box faces the closed side of the adjacent box. With this arrangement, 
and after jointing, the sides of the boxes form continuous planes of 
single-wall thickness extending in three directions and thus providing 
precast elements for the entire framing. 
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These two basic single-layer arrangements may also be used to form a 
multiple-layer assembly. For this purpose, the boxes in the successive 
layers are set in an alternating sequence, using one arrangement in the 
first layer and the other pattern in the next. Fig. 9 illustrates a multiple- 
layer assembly thus obtained. 


Method of assembly 

The erection procedure of a cellular assembly is relatively simple. 
Since the boxes are inherently stable, their setting is accomplished 
without the aid of shoring, guying or other devices of support generally 
used in conventional construction. For example, in erecting the single- 
layer solid pattern shown in Fig. 8, the boxes are merely set side by side 
on an erection platform which is chalk-marked to maintain the required 
joint gaps between the boxes and to insure alignment of the walls in each 
direction. The erection of the single layer checkerboard pattern shown 
in Fig. 7 is equally simple. In this arrangement proper spacing and 
alignment of the boxes may be obtained by means of tapered plug inserts 
set in the bottom slab which engage threaded studs cast in the bottom 
edges of the boxes, as detailed in Fig. 7 (b). 

In the case of the multiple-layer assembly illustrated in Fig. 9, after 
setting up the bottom layer as described above, the erection of the boxes 
in the succeeding layers may be accomplished by means of temporary 
supporting and spacer devices. Two suggested devices for this purpose 
are shown in Fig. 10. The detail in (a) is a simple jacking arrangement, 
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Fig. 11—Typical joint details of cells 


particularly suitable for supporting the edge of one box on the corner 
ledge of the other, with the bottom bolt serving as support as well as 
spacer. The other arrangement shown in (b) and (¢) consists of a built- 
up beam with wedge-block ends and can be used as a support either for 
the edges of a box, as in (b), or the bottom side of a supported box as 
indicated in (c) and detail “C.”’ 


Method of jointing 

Since relatively small joint gaps are desirable, the interconnections of 
the boxes in an assembly are most conveniently accomplished by use of 
pressure grout. Fig. 11 illustrates typical joint details between elements 
having a single-layer mesh reinforcing. The section in (a) is for two 
boxes abutting cornerwise, as in the case of vertical joints of the single- 
layer assembly shown in Fig. 7; (b) is a section of a joint between the 
corner of a box and the edges of two abutting boxes, as in the case of 
joints between two layers of the multiple-layer assembly shown in Fig. 9; 
(¢) is a section of a joint between three edges, as will result when the end 
faces of an assembly are closed with precast plaques; and (d) is a corner 
section between two edges. Fig. 12 illustrates similar joint details for 
boxes having two layers of mesh reinforcing. In addition, a suggested 
detail is indicated in (c) for retaining the grout in the joint. The arrange- 
ment, drawn in this case for a joint between four edges, consists of two 
form strips and anchor blocks which are secured in place by wire ties. 
As will be noted from the reinforcing details in Fig. 11 and 12, some of the 
mesh wires projecting from the corners or edges of the precast elements 
are lapped straight in the joint gap and others bent into the poured 
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Fig. 12—Typical joint details of cells 


fillets. The joint grooves also provide space for additional reinforcing 
bars. 
Range of application 

The precast cell constitutes an ideal framing element for floating 
structures, such as barges, gate and breakwater caissons, drydocks, 
tankers, floating piers, landing strips and many other water craft in the 
designs of which strength and lighter displacement are primary con- 
siderations. Results of comparative designs prepared for some of these 
structures indicate that the weight of a conventionally-poured job may 
be reduced as much as 60 percent by the use of precast cellular framing. 
Other advantages favoring precast cellular framing are the resulting 
economy, simplicity of erection and speed of construction. Still another 
advantage is the fact that no basin or special facilities of erection and 
launching are required. For example, in erecting a cellular barge such 
as shown in Fig. 13, a construction platform is all that is needed for the 
assembly of the cells in either arrangement. Opportunities of applica- 
tion are not, however, confined to floating structures only, since these 
elements can also be utilized to provide the framine of various shore 
buildings. Cellular framing is particularly adaptable to long-span floor 
construction as well as suitable for walls. Extensive studies will no doubt 
disclose possibilities of a wide range of applications. 


CONCLUSION 


In the huge construction program planned for the postwar era, con- 
crete will undoubtedly play an important role. This role can, however, 
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Cell Assembly with Poured-in-place Slabs 


Fig. 13—Cellular assembly of a barge 


be made more significant if precasting possibilities are fully explored and 
utilized. The scope of precasting is presented here in the interest of and 
as a challenge to the profession and the industry. Certain experimental 
projects of precast concrete construction, embracing both cellular and 
bent framing, have already been completed for the Navy. The results 
of these initial undertakings have been very encouraging, but a great 
deal of work still remains to be done for the improvement of various 
phases of precasting. There are many problems which need further 
investigation and experimentation in laboratories. A committee ap- 
pointed by the Institute for this purpose could render valuable service 
in coordinating all such efforts.* Much of the success of precasting depends 
on the ingenuity and resourcefulness of the contractor, since the actual 
construction technique employed involves skilful planning, fabrication 
and handling. 


*Since this paper was presented, ACI Committee 324, “Precast Reinforced Concrete Structures” 


. has 
been organized with Mr. Amirikian as chairman. 
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Precast Concrete Structures* 
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By PAUL WILLIAM ABELES+ 


The writer agrees fully with Mr. Amirikian’s introductory statements 
both in the synopsis and in the conclusion of his paper. The author has 
discussed a number of essential details relating to precast concrete and 
has published many useful suggestions with regard to particular designs, 
which must be greatly appreciated. 

The writer would like to be acquainted with more precise details about 
the practical application of the arch-type roof in Fig. 2, representing a 
shell construction with a number of stiffening diaphragms. This con- 
struction reminds the writer of a suggestion made in Great Britainf, 
by which the well known Zeiss-Dywidag shell construction, having rigid 
end gables or trusses at its supports, is superseded by a more general 
solution, the shell being kept in position at definite intervals and thus 
prevented from excessive deformation. The intermediate diaphragms 
shown in Fig. 2 appear to serve the same purpose. 

The other examples published by the author, especially the “arch 
bent”’ (Fig. 5) and the ‘‘cellular framing” (Fig. 6-13) represent valuable 
enrichments to precast concrete knowledge. 

The writer would like to discuss further possibilities applicable to pre- 
cast concrete structures. 


PRESTRESSED PRECAST CONCRETE 


Prestressing is particularly suitable for precast concrete, since it may re- 
sult in a saving not only of material but also of labor, if a suitable method 
of manufacture is established. It has to be pointed out that in addition 
to considerable saving in material, particularly in steel (replacement of 
ordinary mild steel by 1/5 of its quantity of high strength steel or wire), 
a great improvement of the properties of the structure is attained, re- 





*ACI Journat, Dec. 1946, Proc. V. 43, p. 365. 
tChartered Structural Engineer. London, England. 
Subject of pending patent application. 
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sulting in extraordinary resilience and considerable increase in resistance 
against cracking. 

Two especially suitable methods of prestressing have been developed in 
Europe, the one relating to pre-stretching (or call it pre-tensioning) the 
wires, the precompression being transferred to the concrete by bond; and 
the other relating to post-tensioning the wires, the precompression being 
transferred by anchor plates. The first is suitable for the mass produc- 
tion in a factory of precast concrete members and the second is more 
suitable for use by a contractor in the production of individual precast 
members, particularly of greater length. 


The Freyssinet-Hoyer process of tensioning over long length. * 

After tensioning the wires and securing them to anchorages, the in- 
dividual units are produced in a long continuous line, adjacent members 
being separated from each other either before production or after hard- 
ening of the concrete. The wires remain under tension between the end 
anchorages until the concrete has attained sufficient strength. The diam- 
eter of the wire is limited to 0.2 in. for high strength concrete to insure 
sufficient bond; consequently the length of the individual units seem to 
be limited to, say, 50 ft since otherwise too many reinforcing wires would 
be required. 


The “Blatom" process developed by Prof. G. Magnel of Ghentt 

Spaced wires are placed in a box of very thin metal sheet within the 
concrete, either consisting of one precast unit or comprising an assembly 
of a number of parts. At both ends the wires are fixed by means of small 
wedges fitting in grooves of small plates, called “sandwich” plates, 8 
wires being secured to one sandwich plate. Distribution plates transmit 
the precompression to the hardened body of the concrete. Two wires 
are tensioned simultaneously by a small jack in a very simple and quick 
process. The spaces between the wires are filled with cement grout, 
pumped into the box which surrounds the assembled wires, thus protect- 
ing the latter from corrosion and insuring additional bond. Sandwich 
and distribution plates as well as wedges are mass produced of cast iron 
and are relatively inexpensive. The diameter of the wire is not limited 
to 0.2 in., which is especially important if structures of greater dimensions 
have to be designed. 


SPUN CONCRETE 


The methods published by the author and those mentioned by the 
writer in the foregoing points relate to vibrated concrete. However, 
reinforced concrete produced by centrifugal molding, usually called 


*Suggested first by Freyssinet who, however, used other methods requiring special anchor means until 
Hoyer introduced the practical application by employing thin wires and proved its superiority. 

TPrestressed Concrete, Some New Developments”’ by G. Magnel, Concrete and Constructional Engineer- 
ing, Nov., Dec. 1945 and Jan. 1946. 
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“spun” concrete, has its special merits which for certain types exceed 
even those of vibrated concrete. Spun concrete poles and pipes have 
been used for many years. However, the general view is that the costs 
of manufacture are too high to warrant such a production, unless tubes 
of extraordinary strength and density having a smooth surface. are 
required. 

When he was technical advisor of the Austrian Spun Concrete Pole 
Works, the writer had the opportunity of carrying out extensive beam 
tests on spun concrete tubes having a high strength steel reinforcement 
and noticed their remarkable strength and resilience which is similar 
to that of prestressed reinforced concrete. Prestressing of the spiral 
reinforcement during the centrifugal molding may be one of the reasons 
for this phenomenon. 

In co-operation with E. Braunbock of Vienna, the writer was able to 
introduce the use of spun tubular and half-tubular beams for floor con- 
struction in Yugoslavia and Czechoslovakia in 1936-1938. 

Another application of spun concrete to floors has been the manu- 
facture of half-tubes*, two of which are produced simultaneously. In 
this case it is not possible to make full use of the strength, but light weight 
aggregates may be employed, thus reducing the dead weight. In its 
first application for a block of flats in Susak, Yugoslavia, and for dwell- 
ing houses in Brno, Czechoslovakia, half-tubular beams were laid one 
beside another; however, it is more economical to .use a construction 
with intermediate precast slabs. In this floor, designed for a live load 
of 50 lb per sq ft, concrete ceiling slabs are placed between the half- 
tubes and special thin concrete slabs are fixed at the underside of the 
half-tubular beams to obtain a uniform ceiling. 


The economy of this floor is due to a saving of both material and labor. 
The cost of machinery and molds and the production of high-quality 
concrete, not necessary for ordinary floors, is more than offset by the 
speed of erection and the economy of the floor. 

In their practical application in 1936-1938, spun concrete beams were 
used only for floors. It is, however, also possible to use them as girders 
and columns, thus further extending the use of these prefrabricated units. 


AUTHOR'S CLOSURE 


The methods and applications of precasting suggested by Mr. Abeles 
are indicative of a keen interest in the technique. Personal letters re- 
ceived by the author from other engineers in England, France and Belgium 
express similar interest in precast construction, and cite many examples 
of application. 


*“Spun Tubular Beams, Economy in Steel in Floor Construction.” by P. Abeles, Concrete and Construc- 
tional Engineering, May 1940. 
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That the technique of precast construction should be so favored abroad 
is easy to understand. There the materials of construction are, and have 
always been, scarce and expensive. In contrast, comparatively cheaper 
labor costs have made it possible to construct economically many com- 
plex framings of ingenious design. What is more surprising, however, is 
the fact that the technique has not been used more extensively and to 
greater advantage. For in Europe, as in this country, the applications 
of the technique have been confined to a few elements of framing rather 
than to an entire structural assembly. In this connection, it is to be noted 
that to date the only structures of importance built by the precast 
technique, utilizing thin-shell framing, are represented by the Navy’s 
two experimental water craft and the two storehouses* at Mechanicsburg, 
Pa. 

Improvements in the technique of precasting will come with time and 
gained experience. To this end, the two supplementary methods sug- 
gested by Mr. Abeles present attractive possibilities for future explora- 
tion. Of these, stressed precast concrete, whether prestressed or post- 
stressed, while good in principle, is difficult of execution. The present 
mechanical devices for stressing are too cumbersome, particularly when 
applied to an assembly, and the electrical method needs further develop- 
ment. The successful application of the principle will, however, remain 
an important objective in precast construction. The other suggestion, 
“spun” concrete, concerns primarily the technique of casting. It is the 
author’s opinion that the desired results, namely, strength and density, 
can be secured more economically by the simpler device of controlled 
pours in the flat ‘“‘table top” position and with the aid of vibration. The 
writer’s suggested use of channel-shaped elements for obtaining hollow 
segments in framing is predicated on this concept. 

As regards the arch-type roof panels sketched in Fig. 2, to which ref- 
erence is made by Mr. Abeles in the first part of his discussion, no credit 
for originality is claimed by the author. The diaphragm-stiffened arch 
shell presents no novelty in either concept of design or in poured con- 
struction technique. What the writer proposes to do is simply to utilize 
the same principle of framing in precast form. These shell panels in 
reality simulate a roof framing in miniature, spanning between main 
supports or bents. In addition to their remarkably high structural 
strength and lighter weight, they possess a definite esthetic advantage in 
providing a pleasing appearance in assembly. As yet the author has not 
utilized arch-type elements in an actual design. However, he hopes to 
do so at the first opportunity when such framing could be used to ad- 
vantage. 


*A. Amirikian, ‘Precast Concrete Storehouses”’, ACI JourNAL, June 1947, Proc. V. 43, p. 1097. 
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Reinforcing Bars* 


By ARTHUR P. CLARKT 
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SYNOPSIS 

The purpose of the tests described was to determine the resistance 
to slip in concrete of 17 different designs of deformed reinforcing bars. 

The tests were of the pull-out type in which the bars were cast in a 
horizontal position; the depth of concrete under the bars and the length 
of embedment were varied. The slip of the bar was measured at the 
loaded and free end. 

Three tests were made of each variabie for each design of deformation. 

It was established that a certain group of the bars was definitely 
superior to the others, in the sense that their average rating was sig- 
nificantly higher than the average of the others. Bars cast in the top 
position were much less effective than those cast in the bottem position. 


INTRODUCTION 


The tests of pull-out specimens reported herein constitute the first 
phase of a comprehensive investigation on the bond efficiency of deformed 
concrete reinforcing bars. The investigation was initiated by the Com- 
mittee on Reinforced Concrete Research of the American Iron and Steel 
Institute, and was conducted through the medium of a Research Fellow- 
ship established at the National Bureau of Standards in Washington. 


MATERIALS 
Reinforcing bars 
The bars, all nominally /-in. diameter, are illustrated in Fig. la and 
lb by two views of each bar to show the pattern of the deform «tions as 
produced by the upper and lower rolls and also the relation of the two. 


*Received by the Institute, September 21, 1946. 
tResearch Associate, American Iron and Steel Institute, National Bureau of Standards, Washington, 
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The vield point was determined in a 100,000-lb capacity testing ma- 





Fig. 1b 


chine of the beam and poise type by observing the drop of the beam. 
The height of the deformations was measured with a dial gage reading 
to 1/1000 in. The bar was held in a jig (Fig. 2) and readings taken 
at three or more points around the bar at each of several positions 
along the length of the bar. A total of 92 measurements of deforma- 
tion heights were made by three observers to determine the average 
heights of the deformations of each bar. The bearing area of the 
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Fig. 2—Jig used in measuring height of deformations. 


def »rmations per lin. in. of bar was detemined from the average height, 
projected length and spacing. The two latter dimensions were measured 
from an impression of the deformations. projected on a plane surface 
made by rolling the bar in a thin layer of quick-setting plaster. 


The physical properties of the bars are given in Table 1. 


TABLE 1—PHYSICAL PROPERTIES OF THE DEFORMED REINFORCING BARS 





| 


} Yield point | Tensile strength Deformations 
Bar | Weight Area,*_(§———-—-. ————._ | ————- | ——— — Elonga- |—— - 
No. | per ft., sq. in. | Ib. psi Ib. } psi tion in Average | Bearing 
Ib. | | 8 in., height, area, 
| | | in. | In. sq. in. 
| | per in 


o 
= 
= 
Oo 
_ 





| 

1 | 2.059 26,890 | 44,100 | 47,430 | 77,700 | 2.125 | 0.045 | 0.082 
2 | 1.966 .58 25,100 | 43,200 | 43,020 74,100 | 2.083 046 149 
3 | 1.915 | . 56 22,970 41,000 | 34,490 63,300 2.719 053 134 
ot 2658 ot: > 22,160 | 37,500 | 34,750 58,900 | 2.688 087 192 
5 } 2.211 .65 | 24,870 | 38,300 | 45,790 | 70,400 2.094 040 322 
6 | 2.042 | .60 | 26,360 | 43,900 | 48,680 | 81,100 | 1.750 055 354 
7 | 2.010 | .59 27,110 | 45,900 | 47,870 $1,100 | 1.719 050 257 
8 2.058 | .61 32,300 | 53,300 | 47,430 77,800 | 2.031 055 390 
9 2.058 | 61 25,050 | 41,100 | 42,870 70,300 | 2.000 | .054 224 
10 2.030 | .60 25,860 | 43,100 | 42,580 71,000 | 2.031 050 332 
11 2.066 | 61 33,880 | 55,500 | 60,020 | 98,400 1.500 027 101 
12 2.049 | .60 | 36,620 | 61,000 | 61,880 | 103,100 | 1.563 028 -100 
13 1.973 | .58 36,780 | 63,400 | 62,090 | 107,100 | 1.375 030 103 
14 2.020 .59 27,700 | 46,900 | 47,850 | 81,100 | 1.625 067 102 
15 2.026 | 60 271640 | 46,100 | 45,220 | 75,400 | 2.031 033 052 
16 2.006 | .59 21,900 | 35,750 | 33,060 56,000 2.938 033 041 
17 2.042 | .60 aa | ‘... | 77,240 | 128,700 | 0.906 








*These areas and the calculations of yield points and tensile strengths therefrom are based on length 
and weight measurements in accordance with Sec. 10 of A.S.T.M. Designation A15-39. All calculations 
of stresses in the bars in pullout specimens are based on the nominal area, (0.60 sq. in.) of a 74-in. plain 
round bar. 
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Concrete 

Concrete was machine-mixed and proportioned by weight in the 
ratio of 1:1.74:2.23. The water-cement ratio was 5.75 gal. per sack. 
Portland cement meeting the current standard specifications of the 
A.S.T.M. for Type I cement was used. 

The coarse aggregate was Potomac River gravel ranging in size from 
No. 4 to l in. The fine aggregate was Potomac River sand graded as 
shown in Table 2. The dry rodded weight of the gravel was 106 lb. per 
cu. ft. and the sand 109 lb. per cu. ft. 


TABLE 2—SIEVE ANALYSIS OF SAND 


U.S. Standard Percentage passing 
Sieve No. by weight 
4 98 
8 86 
16 71 
30 44 
50 12 
100 3 


The slump of the concrete averaged 444 in. and the compressive 
strength of standard 6- by 12-in. cylinders, cured in moist air for 28 
days, averaged 5,600 psi. The modulus of elasticity at 37 days was 
4,140,000 psi. 


DESCRIPTION OF TEST SPECIMENS 


The pull-out specimens were 8 by 9 in. in cross section and of two 
lengths—S8 in. and 16 in.; the bars in these specimens were held rigidly 
in the molds during casting with the longitudinal ribs in a horizontal 
plane. Two specimens were cast in a mold 18 in. in depth with one bar 
near the top and one near the bottom; the depth of concrete under the 
bar in the top position was 15 in., and 2 in. for the bar in the bottom 
position. Triangular steel strips welded horizontally to the interior 
sides of the molds at mid-height scored the concrete blocks to permit their 
subsequent separation into two specimens. 


The molds were made of heavy steel sections fabricated to permit 
stripping of the specimens without damaging the concrete and the 
molds were sealed prior to casting to prevent leakage. The concrete was 
deposited in the mold in three layers and rodded in place. 

The blocks were kept in moist storage in the molds after casting and 
at the end of three days were removed and divided into two specimens 
by loading as a beam in a testing machine, as illustrated in Fig. 3. All 
blocks broke in a plane where scored and the surface departed from a 
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Fig. 3.—Method of breaking blocks block 
to produce two pull-out specimens. —- 
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plane surface generally only to about the extent of the size of the coarse 
aggregate particles. The average breaking load was 1,660 lb. per in. of 
length of specimen. The specimens were then placed in a moist room 
until tested at the age of 29 to 31 days. 


TESTING PROCEDURE 

The pull-out specimens were tested in a 60,000-lb. capacity fluid- 
support, Bourdon-tube hydraulic machine and the load was applied 
at the rate of about 2,000 lb. per min., the dial gages being read without 
stopping the machine. The specimen was seated on a rubber cushion on 
two segments of a 2-in. base plate attached to the face of a spherical 
bearing block (Fig. 4). Slip of the bar was measured with 0.0001-in. 
micrometer dial gages and the readings were estimated to 0.00005 in. 
At the loaded end, two dials were held by a steel bar firmly attached to the 
bottom face of the specimen by bolts screwed into a series of nuts cast 
in the specimen. The dial gages were in contact with the smooth surface 
of a steel yoke fastened to the reinforcing bar by three set screws with 
cupped ends 1 in. below the surface of the concrete. The support bar 
for the dial gages and the yoke were free to move in a recess in the base 
plate. As load was applied, the average of the two dial gage readings 
indicated the amount of movement of the point on the reinforcing bar 
at which the yoke was attached with reference to the lower face of the 
concrete. To give the slip at the face of the concrete (slip at the loaded 
end), the dial gage readings were corrected for the elongation of the re- 
inforcing bar in the 1-in. distance between the point of attachment of the 
yoke and the face of the concrete. 
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Fig. 4.—Specimen in 
FRONT VIEW SOE VIEW testing machine. 


The slip at the free end was read directly from the dial gage mounted 
on a frame, seated in plaster on the top of the specimen with the point 
of the dial resting on the planed end of the bar. 

Initial dial gage readings were taken at a machine load of 300 Ib. 
then 600 lb. and readings at increments of 600 lb. were taken until the 
machine registered 7,200 lb, and then at increments of about 1,200 lb. 
until failure. The dial gages at the loaded end were removed as the 
stress in the bar approached the yield point or when a loosening of the 
support bar or yoke, due to the stretch in the bar or initial cracking of 
the concrete, made the readings of questionable value. Readings at the 
free end were continued until just before failure. 


RESULTS AND DISCUSSION 


Tests in all cases were continued until failure of the specimen occurred, 
either by splitting of the conerete or by the bar pulling through the 
concrete. The typical splitting (79 percent of all specimens) was in a 
plane through the longitudinal ribs of the bar. Other specimens 
(13 percent) failed by splitting in a plane approximately at right angles 
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LIP, IN. 
Fig. 5. (top)}—Load-slip curves for bottom bars embedded 16 in. Slip measured 
at the loaded end. 


Fig. 6 (bottom)—Load-slip curves for top bars embedded 16 in. Slip measured 
at the loaded end. 
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SLIP, IN. 
Fig. 7 (top)—Load-slip curves for the average of bottom and top bars embedded 
16 in. Slip measured at the loaded end. 


Fig. 8 (bottom)—Load-slip curves for bottom bars embedded 8 in. Slip measured 
at the loaded end. 
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Fig. 9—Load-slip curves for top bars embedded 8 in. Slip measured at the 
loaded end. 


to the plane through the longitudinal ribs. Seventeen specimens (8 
percent) failed by the bar pulling through the concrete; these consisted 
of specimens containing bars 17 (with one exception), two each of 15 
and 16 and one each of 11 and 13. 

Twelve tests were made with each of the 17 bars with different pat- 
terns of deformations—three each with the bar in the top and bottom 
positions and with 8-in. and 16-in. embedments, the slip being measured 
at the loaded and free ends. All of the test results for bars of each 
pattern were combined to arrive at a grand average which thus represents 
the equivalent of 24 determinations of the stress-slip relationship. 

The load-slip relation, as measured at the loaded end for both bottom 
and top bars and for the 8- and 16-in. embedments, is shown in Fig. 
5, 6, 7, 8 and 9. Each curve represents, in general, the average data 
obtained from three specimens. 

In the extensive literature dealing with the bond strength of reinforcing 
bars, the test bars have usually been rated by considering the stresses 
developed by the bars at some arbitrarily selected value of slip. In this 
investigation, an attempt was made to develop a method of rating bars 
which would take into account the stress-slip relationship for a con- 
siderable range of values of slip. 


Load-slip curves of the bars of different designs show that some curves 


cross Others. This means that one bar may have the highest stress for 


given slips along part of the curve, while the reverse may be true along 
another part of the curve. 


Reinforced concrete has a wide variety of uses ranging from members 
where the prime consideration is to keep cracks as narrow as possible, 
such as structures intended to confine liquids and avoid leakage or 
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members exposed to attack by fumes or liquids which tend to hasten 
corrosion of steel, to those members where such conditions do not pre- 
vail and where deflection may not be a matter of particular concern. 
In the first case, a low value of design stress in the reinforcing steel is 
generally used, and in the other a high value. Between the extremes, 
other considerations may dictate the use of intermediate design stresses. 
A desirable concrete reinforcing bar would be one having a good bond 
resistance for all stresses within the range of probable use and up to the 
point of failure. 

In this investigation, to determine the bars which could be expected 
to give the best bond resistance, it seemed logical to adopt a method for 
comparison which would rate the bars on the basis of average perform- 
ance through a wide range of slip values. The method selected was to 
record the stress developed at several values of slip from the smallest at 
which readings were reliable up to the maximum slip developed by the 
majority of the bars. These stresses for each bar were totaled and the 
sum divided by the number of readings to obtain a figure indicative of 
the rating of the bar. These values may be used to indicate the bonding 
efficiency of the bars. 

The value of slip at which the stresses were recorded are shown in the 
following table: 


E-mbed- Position Measured 
ment, of at Slip, in. 
in. bar 
16 Bottom Loaded end 0.0005, 0.001, 0.002, 0.003, 0.004, 0.005, 
0.0075, and 0.01 

16 Top = ” 6 2 

Ss Bottom ; s 

8 Top = . * ‘ a 

16 Bottom Free end 0.00005 and 0.0001 

16 Top etd 0.00005, 0.0001, 0.0005 and 0.001 
s Bottom « Wie a ae _ " _ 

Ss Top ee rt 0.00005, 0.0001, 0.0005, 0.,001 


0.005, and 0.01 


The writer is of the opinion that this method, which is original insofar 
as he knows, is a reasonable one and gives a better basis for comparing 
bond performance than other methods heretofore employed. 

The diagram in Fig. 10 represents, for slip at the loaded end, the 
rating of the bars for 16-in. embedment. The ordinates ‘‘steel stress’ 
are the ratings used. In the vertical column for each type of bar, the 
maximum height of the column indicates the rating of the bottom bars. 
The top of the vertical hatched portion indicates the rating for the top 
bars and the top of the diagonal hatched portion indicates the average 
rating for both top and bottom bars. 
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BAR NUMBERS 
Fig. 11—Rating for each bar corresponding to slips of 0.0005, 0.001, 0.002, 


0.003, 0.004, 0.005, 0.0075 and 0.01 in. at the loaded end for 8-in. embedment. 
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Fig. 11 represents for slip at the loaded end the rating of the bar for 
8-in. embedment, in a manner similar to Fig. 10. 

Fig. 12 represents the rating of the bars for slips at the free end. The 
ratings for 8-in. and 16-in. embedments are shown on one diagram ina 
manner similar to the diagrams for the loaded end. The solid line 
marked “G.A.” represents the grand average of all the ratings for 8-in. 
embedment, 16-in. embedment, top bars and bottom bars for slips gt 
both the loaded and the free ends. 

In Fig. 10, 11 and 12, the order in which the bars were arranged 
corresponds to the sequence of the average ratings of the bars with 16-in. 
embedment. Bars 8, 9, 6, 3, 4 and 5 showed the highest grand average 
ratings, and in the order named the difference between the extreme 
values of the grand averages were only about 11 percent. The average 
of these six exceeds the average of the remaining bars by 31 percent. 

Considering the slip at both ends and for both embedments, the rating 
for all bars in the top position was 56.8 percent of the rating for the bars 
in the bottom position. For bars 8, 9, 6, 3, 4 and 5, this ratio was 67.9 
percent. 

For all bars of the same type of design, 5, 6, 7 and 8, the ratio of the 
rating of the top bars to that of the bottom bars was 62.9 percent, and 
for all bars of the same general type, 1, 2, 3, 4 and 9, this ratio was 61.8 
percent. The data from these tests indicate that, for bars cast in a 
horizontal position, the pattern of the deformations on the bar has little 
influence on the loss of bond strength due to settlement of the plastic 
concrete under the bar. 

Although a detailed statistical analysis of the dispersion of the data 
was not made, an examination of the ranges of values of stress for slips 
greater than 0.003 in. at the loaded ends of bars indicated that a dif- 
ference of less than 10 percent between the ordinates of any two of the 
curves of Fig. 5, 6, 8 and 9 is not positively significant. Similarly, dif- 
ferences of less than 1500 psi in the averages for the top and bottom bars 
shown in Fig. 10 and 11 or of less than 750 psi in the grand averages shown 
in Fig. 12 may not be significant. 

Bond resistance is influenced by several factors, including the average 
height of the deformations, the bearing area of the deformations, the 
shearing area of the concrete between the deformations, the inclination 
of the bearing face of the deformations, and the angle the deformations 
make with the longitudinal axis of the bar. While in this series of tests, 
it was not possible to compare bars in which only one of these factors 
was a variable, the graphs in Fig. 13 show the relation of these factors 
to the grand average stress developed in the bars. As was to be ex- 
pected, the presence of other factors obscured, to some extent, the 






es 


es 


we = eR neo — ma eon 
le er an Ra Ngee oe 








396 


SQ (N. PER /N. LENGTH 


r UW. 


ME: 


RATIO 


JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 





December 1946 








































































25 * 
yas / i 
20 — (~— td ts. 
hes ah ; ~~ ’ t 
“ta,-° . : { ' 
1.5} Shearing Area iF i! . 
i i 
10 en . — _ — — | — — 
a5,——_1——_ _ — 
| A~~4 
Bearing Area hs y A hy a 
ae: 4 
0 pty ttt ' 
0.05} Height of Deformations- “ nel 
0 
+4 
70 come to : re pet 
60— Fratio of Kating ir Top Bar __ t WORT 1) }\ f ae ae 
10 ating tr Bottom Bar t i oe 7 
a ams. gdh = OF i a 
\ 
4a— wily 4 SS ; 
b ij . Ratio of Shearing Area to Bearing Area 
Ty 
ae. - — a 4+ ——_—____ —— 
he eae en: meee 4. . Seen came * — a 
0 
10 IS 20 25 


GRAND AVERAGE STRESS, A/PS 


PER SQ. /N. 


Fig. 13—Effect of height and bearing area of deformations and shearing area 
of concrete between deformations and the ratio of stress in top bars to the 
stress in bottom bars on the grand average stress in bars. 


relation between the grand average stress and the variables shown in 
Fig. 13; nevertheless, the graphs illustrate an unmistakable trend in all 


cases except the graph for the shearing area. 


It is apparant that, in general, the grand average stress increases 
with the bearing area of the deformations, their height, and the ratio of 


rating in the top bar to the rating in the bottom bar. 
to note the similarity between the last two graphs named. 
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larity of these graphs indicates that the height of deformations has an 
influence on the loss of bond strength due to the settlement of the plastic 
concrete under the bars. The graph illustrating the effect of the ratio 
of shearing area to bearing area shows that the bars with low grand 


average stresses have an excessively high shearing area, and for bars 
with high grand average stresses this ratio is substantially constant 
between the values of 6 and LIL. 

The data from tests of bar 10 indicate that the inclination of the 
bearing face of the deformations is also a factor. Bar 10 has crescent- 
shaped deformations and these point in the same direction on both sides 
of the bar. One face of the deformation is substantially normal to the 
axis of the bar while the opposite face is inclined at an average angle o 
less than 30 degrees with the axis of the bar. Tests were made with some 
specimens in which the bar was pulled with the crescents pointing in the 
direction of pull and others in which the bar was pulled with the crescents 
pointing in the opposite direction. The bearing area, shearing area, 
height of deformation and the distance the deformations extend around 
the bar were, of course, the same in all the tests of bar 10. Therefore, 
the only variable was the inclination of the face of the deformations and, 
to some extent, the shape of the concrete surface which was subjected 
to bearing stress. The load-slip relation for slip at the loaded end is 
shown in Fig, 14. The solid curves in each case are the average of 
specimens of bar 10, in which the bar was pulled in the direction in 
which the crescents pointed and the bearing on the deformations was 
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against the face normal to the direction of pull. The dotted curves 
represent the opposite conditions. For all cases—8-in. embedment, 16- 
in. embedment, bottom bars and top bars—considerably higher values 
were shown when the bearing on the deformations was against the face 
nearly normal to the surface of the bar. 

Five of the bars included in the tests (1, 14, 15, 16 and 17) have been in 
commercial production for a number of years and are representative of 
deformed bars which have been generally accepted and used. Comparing 
the average of the grand average stresses of these five bars with that of 
bars 8, 9, 6, 3, 4 and 5 indicates the increase in bond which might be 
expected by the use of bars of the better types. The percentage of in- 
crease depends on the basis used for comparison. Based on slip at the 
loaded end, the minimum increase (21.6 percent) was shown by the 
bottom bars with 16-in. embedment; the maximum (64.7 percent) by the 
top bars with 8-in. embedment. The average increase of all bars at the 
loaded end was 39.8 percent. Based on slip at the free end, the minimum 
(47.1 percent) was shown by bottom bars with 16-in. embedment; the 
maximum (137.8 percent) by top bars with 16-in. embedment, and the 
average of all bars at the free end was 78.7 percent. The grand overall 
average increase was 60.1 percent. 

The load-slip relation at the loaded end for the five bars with the 
highest ratings in this experiment and the group of five commercial bars 
cast in the bottom position for 16-in. embedment is shown in Fig. 15 
and and for 8-in. embedment in Fig. 16. The range of usual design 
stresses (16,000 to 24,000 lb. per sq. in.) is indicated by the cross-hatched 
portion. The five bars with the highest ratings show much less variation 
than the commercial bars. 

The data for the two groups of bars presented in Fig. 15 and 16 repre- 
sent the results obtained with bars tested in triplicate. In those cases 
where one specimen of a set of three failed prematurely either by splitting 
of the concrete or slipping of the bar, the data for that bar were discon- 
tinued at the maximum load representing all three specimens; these 
“breaks” occur in the lower enveloping curves where they are indicated 
by discontinuities in the curves. The upper enveloping curves also 
show “breaks” which are due to the fact that the load-slip curves of the 
several bars in a given group intersected each other. 


SUMMARY OF RESULTS 


The test specimens were of the pull-out type in which the bars were 
cast in a horizontal position with length of embedment and depth of 
concrete under the bar varied. Provision was made for measuring the 
slip of the bar at both the loaded end and the free end of the bar. 
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Fig. 15 (top)—Load-slip curves wy the five commercial bars (1, 14, 15, 16 and 
17) and the five best bars (3,4, 6, 8 and 9) in bottom position embedded 16 in., 
determined for the loaded end. — 


Fig. 16 (bottom)—Load-slip curves for the five commercial bars (1, 14, 15, 16 
and 17) and the five best bars (3, 4,6, 8 and 9) in bottom position embedded 
8 in., determined for the loaded end. 


le “Embedmert 
Bottorn Bars 
Was id End 


STEEL STRESSES AH/PS PER SQ. IN. 


—w Ss 


| 
| 
| 


yo 








1 
| 











400 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE December 1946 


The method used for evaluating the efficiency of the bars in bond 
resistance was based on the average performance for a range of slips as 
measured at the loaded end and at the free end for the bar with 2 in. 
and 15 in. of concrete under the bar and for 8-in. and 16-in. embedment. 

The eight separate determinations for rating the bars gave, in general, 
consistent results. Considering the five bars rating highest in the grand 
average, one of the five rated highest in six of the determinations, one of 
the five rated second highest in all eight determinations, and one of 
the five rated third highest in all but one of the eight. 

The average of the grand averages for bars 8, 9, 6, 3, 4 and 5 was 
approximately 60 percent higher than for the five commercial bars. 

Bars 8, 9, 6, 3, 4 and 5 gave results which varied only about 11 percent 
from the highest. The five commercial bars gave results which varied 
by more than 41 percent from the highest. 

In the top position, bars 8, 9, 6, 3, 4 and 5 were about two-thirds as 
effective in bond as in the bottom position. 

Height of deformations appears as an important factor in determining 
the effect of the settlement of the concrete under the bar. The pattern 
of the deformation does not seem to be an important factor in determining 
the bond resistance. 

The inclination of the face of the deformations is an important factor 
determining the bond resistance. 

Attention is called to the fact that the conclusions arrived at herein 
do not necessarily apply when the conditions are different from those 
which prevailed in this investigation. 

The outline and general procedure for this series was prepared by 
R. R. Zipprodt, Research Engineer for the Committee on Reinforced 
Concrete Research and acknowledgment is made of the very willing 
cooperation of all members of the Bureau staff, and in particular that of 
D. E. Parsons, Chief of the Division of Clay and Silicate Products, and 
David Watstein, Materials Engineer, for their helpfulness and continued 
interest. 
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Discussion of a paper by Arthur P. Clark: 


Comparative Bond Efficiency of Deformed Concrete 
Reinforcing Bars* 


By R. R. ZIPPRODT, C. J. POSEY, PAUL WILLIAM ABELES, H. J. GILKEY, and 
AUTHOR 


By R. R. ZIPPRODTT 


This paper summarizes the results of one of the most comprehensive 
series of tests to determine the relative bond value of concrete reinforcing 
bars that has ever been conducted, at least in recent years. The classic 
series of tests of bond between concrete and steel by D. A. Abrams, as 
reported in Bulletin No. 71, Illinois Engineering Experiment Station in 
1913, included a larger overall number of pull-out specimens. However, 
the Abrams tests included plain round, polished round, wedging taper and 
non-wedging taper polished round, flat, T-bar and deformed bars of 
various sizes. Tests on deformed bars comprised only 7.8 percent of the 
entire series, whereas this paper reports on 204 tests, all of which were 
on deformed bars of 17 different patterns. These patterns included 
either (a) entirely new designs calling for marked changes in type and 
spacing of deformations from any currently used, or (b) major modifica- 
tions in the design of deformed bars commercially available, such that 
their bond characteristics have been materially improved. 

For a number of years past the producers of concrete reinforcing bars, 
whose representatives comprise the membership of the American Iron and 
Steel Institute’s Committee on Reinforced Concrete Research and who 
produce practically all of the reinforcing bars manufactured in the 
United States, have recognized that essentially all of the currently used 
patterns of deformed bars are considerably less effective in developing 
bond than they should be. Extended study has been given to the im- 
provement of existing deformed bars and to the development of effective 
new patterns. Originally, it was the concrete reinforcing bar industry’s 
objective to attempt the selection of a single industry deformed bar, 


*ACI Journa., Dec. 1946, Proc. V. 43, p. 381. 


tResearch and Consulting Engineer, Committee on Reinforced Concrete Research, American Iron and 
Steel Institute, New York, N. Y. 
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having superior qualities and performance over any others presently 
available or recently developed. The initiation and conduct of the 
“elimination pull-out tests,”’ described by Mr. Clark, soon indicated that 
any one of six patterns of deformations (involving four producers) might 
be selected, without any single pattern varying in excess of 11 percent 
from any of the others in the group. 

The result has been that two of the 17 patterns, numbered 9 and 11, 
were selected for further study and comparison with a plain round bar 
and one of the best commercially available transverse-rib deformed bars. 
Through its Research Fellowship at the National Bureau of Standards 
the A.I.S.I1. Committee on Reinforced Concrete Research has had under 
way since January 1946, an extensive series of flexural type bond tests, 
conducted in strict accordance with the ‘‘Proposed Test Procedure to 
Determine Relative Bond Value of Reinforcing Bars’’* as developed by 
ACI Committee 208, Bond Stress, of which Prof. H. J. Gilkey is chair- 
man. Since this series was initiated, six other patterns have been added, 
all of which are the results of further development work on the part of 
three producers of reinforcing bars. 

The following is quoted from the report of ACI Committee 208: ‘‘While 
the procedure here outlined includes no provision for parallel pull-out 
tests (since digressions must be severely limited) one of its adaptations is 
likely to be one or more investigations designed to throw added light on 
the extent to which results from pull-out tests can be carried validly over 
to the bond phenomena as applied to beams.”’ It should be of interest to 
note that the current series of flexural-type. bond tests at the National 
Bureau of Standards includes a parallel series of pull-out tests, in which 
equally rigid control is being exercised, and the only variables consist of 
length of embedment and position of bar during placing of the concrete 
in the forms. The primary purpose of the parallel pull-out tests is to 
throw added light on the moot question of the extent to which pull-out 
tests can be used to demonstrate bond phenomena, as applicable to 
flexural-type structural members. 

Mr. Clark has adopted a method of evaluating the effectiveness of 
reinforcing bars as regards bond resistance that might by some be con- 
sidered as revolutionary. Abrams, it will be recalled, evaluated the 
various types of deformed bars tested by him by computing the bond 
stress at arbitrarily selected end slips of 0.001 in., 0.01 in. and 0.10 in. 
(see Fig. 25, Bull. No. 71, p. 72). Later investigators have, in general, 
followed similar procedures. Both the consulting engineer who designs, 
and the ultimate user of reinforced concrete structures, are primarily 
interested in the availability of reinforcing bars that, as Mr. Clark 
states, would have “a good bond resistance for all stresses within the 


*ACI Journat, Feb, 1945, Proc. V. 41 pp. 273-292, 
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range of probable use and up to the point of failure.’’ Reinforcing bars 
must meet the conditions imposed by the designer, irrespective of 
whether they are to be used in structures where relatively low design 
stresses must be resorted to if no damage to the structure itself or to its 
contents is to result, or whether much higher design stresses are per- 
missible in cases where deflection is of no important concern. Conse- 
quently, the method utilized whereby the stresses developed at values 
of slip from the smallest at which readings were reliable up to the maxi- 
mum slip developed by the majority of the bars were used for rating 
purposes actually affords a “better basis for comparing bond perform- 
ance than other methods heretofore employed.” 


It is appropriate at this point to express the writer’s opinion of the 
reason why predominance of attention in the analysis of results of these 
tests is given to slip at the loaded end of the specimens. Abrams and 
essentially all of the more recent investigators have based their con- 
clusions on determinations of slip at the free or wnloaded end of the speci- 
men. Stress in this series of tests has been placed on determinations of 
slip of the bar at the loaded end of the specimens (see Fig. 5, 6, 7, 8, 9, 10, 
11, 14, 15 and 16) for the reason that slip at the free or unloaded end of the 
bar is meaningless. By the time measurable slip has occurred at the free 
end of embedded bars bond between the reinforcing stee! and the con- 
crete has been broken to such an extent that, for many actual uses, the 
bars are no longer effective in the transfer of stress from one of the com- 
ponent materials to the other and structural failure should be considered 
as having occurred. 


In addition to the flexural-type and pull-out type bond tests now under 
way at the National Bureau of Standards, the Committee on Reinforced 
Concrete Research of the American Iron and Steel Institute also has a 
current special investigatorship under way at Cornell University, and a 
major investigation of reinforced concrete footings has been under way 
at the University of Illinois since April 1944. 

In the project at Cornell University the longitudinal distribution of 
stress along embedded reinforcing bars, both straight and hooked, is 
being studied. Techniques never before utilized are being employed 
to measure the incremental changes in bond stress along such bars. The 
investigation which, at the present time is of exploratory nature only, 
is expected to yield valuable data on (a) the significance of pull-out 
tests as a measure of bond resistance, consideration being given to the 
fact that the distribution of stresses in the concrete in pull-out speci- 
mens is fundamentally different from that prevailing in the concrete in 
flexural members; and (b) the influence on bond stress of hooks and 
surface protrusions for deformed bars as compared to plain bars. 
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The project at the University of Illinois includes both square and 
rectangular as well as wall-type footings and is divided into eight series, 
One of the major series comprises studies on bond, and is expected to 
determine, among other things, the necessity for hooking the ends of all 
bars in two-way reinforced footings. This entire program of tests should 
be concluded by about June 1, 1948. 

The several projects already described have been briefly noted in 
order that engineers concerned with the design of reinforced concrete 
structures may be advised that a coordinated program of researches is 
actively under way, the results of which give promise of introducing 
major changes in (a) the definition of what actually constitutes a deformed 
bar, (b) design stresses to be permitted in bond and (c) necessity for 
hooking bars in various parts of structural elements to fully develop the 
stress. 


By C. J. POSEY* 


The testing procedure employed by the author seems to be well adapted 
to the task of making preliminary comparisons of the bond efficiencies 
of deformed concrete reinforcing bars. Because of the inherent varia- 
bility of the results, large numbers of specimens are necessary. This 
precludes the use of elaborate specimens. The problem of an abnormal 
“bar-pinching”’ stress distribution, which is ordinarily the principal ob- 
jection to the simple pull-out specimen, appears to have been solved by 
the expedient of placing a layer of rubber next to the concrete. If this 
layer were thick enough it might actually cause transverse tension in the 
end of the specimen. Evidently some thickness would neither restrain 
nor dilate the bearing area. It would be of interest to know what thick- 
ness was used, and whether any attempt was made to ascertain the 
effect of varying thicknesses and properties of the rubber. 

The author’s test rating seems to represent, approximately, the average 
ordinate of the area under the stress-slip curve out to a slip of 0.01 in. 
This should provide a satisfactory basis for quantitive comparison, es- 
pecially when tabulated along with a measure of the variability as has 
been done in Fig. 10 to 12. The results of the detailed statistical analysis, 
when enough data have been obtained to justify precise mathematical 
evaluation of the variability, might well be incorporated in a similar way. 

- Those who expect some of the bars shown in Fig. 1 to exhibit greatly 
superior bond qualities should find little satisfaction in the author’s 
results. The strength increases are not large enough to be significant, 
and there is too much splitting of the concrete. If these bar shapes are 
the best that modern rolling technique can produce, deformed bars will dis- 
appear from the market as did the proprietary bars of a half-century ago. 


*Professor, Hydraulics and Structural Engineering, State Univ. of lowa, Iowa City, Ia. 
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The requirements of an ideal deformation should be the first subject 
for study, and should be approached from the standpoint of bond effi- 
ciency rather than rolling mill convenience. Theoretical considerations 
pointing the way to improved deformation patterns are that shearing 
areas in steel and concrete should balance in strength the bearing area 
of the concrete, which should not make too small an angle with the axis 
of the bar, and that the volume of the deformations should be small in 
comparison with the volume of the core. Apparently only small-seale 
deformations, of the order of size of the larger sand grains, can satisfy 
these requirements. If a bar shape which will yield significantly greater 
bonding efficiency can be found, surely the manufacturing ingenuity to 
produce it will be forthcoming. 


By PAUL WILLIAM ABELES* 


The interesting tests of the ‘‘pull-out type” described in this paper 
“constitute the first phase of a comprehensive investigation on the bond 
efficiency of deformed concrete reinforcing bars,’”’ as stated in the intro- 
duction of the paper. The writer would like to suggest that an oppor- 
tunity should be given for comparing the valuable results with results 
of tests relating to bars of ordinary mild steel and of twisted bars. This 
could be attained by additional comparative tests. 

It would be interesting to learn whether it is intended, in a later phase 
of the research, to investigate the bond resistance of the reinforcing bars 
in beams at bending, both with regard to cracking and to failure. In this 
connection special attention may be drawn to the influence of bond upon 
the ultimate resistance. High steel stresses develop only in the immediate 
neighborhood of cracks, where the bond is destroyed. In twisted bars 
there is no distinct yield point, consequently the stresses developing at 
failure are relatively high; the theoretical steel stresses exceeding the 
ultimate strength of the steel as tests have provedtf. These tests relate 
on the one hand to “Tor’’-steel (a bar of round section having a small rib 
at each side at the joints of rolling) and to square twisted bars. Thus it 
ean be concluded that the design of reinforced concrete when using twisted 
bars of sufficient bond resistance can be based upon the ultimate strength 
of the reinforcement instead of on the yield point. 

It would be very interesting to learn what influence the increased bond 
resistance of deformed reinforcing bars has upon the ultimate resistance 
of a beam, considering that such deformed bars appear to have a distinct 
yield point. If the performance of suitable comparative tests in that 
4c onsulting Engineer, London, EngJand. 

tFestigkeit und Verformung von auf Biegung beanspruchten Eisenbetonbalken” (‘‘Strength and De- 
formation of Reinforced Concrete Beams, Tested in Bending’’); ‘Comparative Tests on Concrete Beams 


Reinforced with ‘‘Tor’’-steel, High-tensile Steel St. 52 and Mild Steel for Static and Dynamic Loading” by 
Prof. M. Ros, Eidgen. Mat. Pruf. Anstalt, Zurich, Oktober 1942. 


t’’Tests on Square Twisted Bars and their Application as Reinforcement of Concrete” by K, Hajnal- 
Konyi, The Structural Engineer, September 1943, 
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respect has not already been envisaged in the program of the compre- 
hensive investigations, its inclusion is suggested by the writer. 


By H. J. GILKEY* 
INTRODUCTORY COMMENT 


My mind often reverts to the vigorously provocative 1938 dinner 
address of Frank T. Sheets, ‘‘A Challenge—Shorten the Lag Between 
Research and Practice.”t Before becoming more specific with regard 
to Mr. Clark’s paper I cannot resist enough of a seeming digression to 
urge that every reader of this read or re-read Frank Sheets’ snappy 
address of nine years ago. I call the address provocative—advisedly so 
since I both agree and disagree with nearly every paragraph of it. With 
“all generalizations being false, including this one,’’ we can frequently 
thank our Dieties that there was a saving lag between research and prac- 
tice ; sometimes when the turn is called we look ruefully backward and re- 
gret that the lag hadn’t been prolonged by a month, a year, ora century. 

Without in the least minimizing the disastrous potentialities of a hasty 
advance unsupported by proven fact and unflanked by caution and 
seasoned judgments, I still incline to the belief that the Institute might 
well capitalize on the plea of Sheets by adopting as its slogan or byline, 
“SHORTEN THAT LAG.” | 

Just what has ail this to do with Mr. Clark’s paper on “‘Comparative 
Bond Efficiency of Deformed Reinforcing Bars’’? 


The answer is, “Plenty.”” Even the best of the deformed reinforcing 
bars that have been commercially available for perhaps fifty years is a 
poor affair. The lethargy with which the use of such bars has been 
tolerated, when better ones could have been so readily evolved, con- 
stitutes one of the most conspicuous of ‘‘the lags.’”” Abrams’ and sub- 
sequent tests amply demonstrated the relative ineffectiveness of com- 
mercial deformed bars in comparison with what could be accomplished 
by some such device as threading. The threaded bar was not a practic- 
able one but in that demonstration lay the key and should have lain the 
stimulus for evolving better designs for bars. The lugs on convention- 
ally deformed bars didn’t and don’t become very effective until there 
has been enough slippage or take-up to permit most beams to fail by 
diagonal tension. 

After this “lag” of thirty years the speed with which progress is now 
being made on the bond project sponsored by the American Iron and 
Steel Institute under the aggressive leadership of its Research Engineer, 


R. R. Zipprodt, constitutes one of the finest illustrations in the whole 


*Professor and Head Dept. of Theoretical and + ea Mechanics, Iowa State College, Ames, Iowa. 
TACI Journat, May-June 1938, Proc. V. 34, p. ! 
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field of concrete of “‘a sustained effort to shorten the lag between research 
and practice.” 


As may be observed by reviewing the dates on published offerings* 
it is evident that while bond has not been a dead subject for any con- 
siderable period since the early work of Talbot at Illinois, Bulletins 1 and 
8 (1904 and 1906), of Withey at Wisconsin (1908 and 1909) and the 
classic Bulletin 71 of Abrams (Illinois 1913), there was a pronounced 
revival of research interest beginning about the mid-thirties and con- 
tinuing with increasing tempo to the present. During this period major 
contributions have appeared in publications of or in work originated 
through the Highway Research Board, Lehigh University, Portland 
Cement Association, Iowa State College and the National Bureau of 
Standards, with less pretentious contributions from several other sources. 

Partially, perhaps, as a result of this revived emphasis on bond, the 
A.I.8S.I. became concerned and sought active ACI support and co- 
operation just three years ago at the time of the 1944 annual meeting. 
A hardworking sub-committee of ACI Committee 208 on Bond Stress 
(Albert Smith, H. F. Gonnerman—Carl Menzel alternate, G. A. Maney 
and F. E. Richart) evolved its “Proposed Test Procedure to Determine 
Relative Bond Value of Reinforcing Bars.” t The foreword outlines the 
investigations; the discussion and closure supply added explanation of 
possible questions regarding it. The reader should keep in mind that 
the pull-out tests of this paper constitute only the preliminary elimination 
phase of the real A.I.S.I. investigation now being conducted on beams 
being cast and tested in accordance with the procedure evolved by ACI 
Committee 208. 


PRESENT STATUS 


Both the A.I.S.I. and ACI Committee 208 expect the development of 
improved types of reinforcing bars to lead eventually to recommendations 
originating in Committee 208 for increases in permissible design stresses 
when the improved types of bars are used. Obviously no formal or final 
specification change can be evolved until the results of the flexural tests 
have been secured and evaluated. Even then the backlog of actual test 
data may be too skimpy for final commitments on design stresses since 
the tests will have been on but one diameter of bar and one strength of 
concrete. 


In spite of this fact, however, such evidence as that previously pre- 
sented by Menzel of P.C.A., by Clark in this paper, most of the data of 
the 8. T. Collier papert of this same program session, as well as pre- 


*One list of these can be found on pp. 111-118 of Iowa Engineering Experiment Station Bulletin 147 ex- 
cept for omission through oversight of the two Illinois Bulletins 1 and 8. 
_ tInitially published in the ACI Journat Feb. 1945 p. 273 and republished with discussion and closure 
in ACI Proceedings V. 41 (1945) p. 273. 

TACI Journat, June 1947, Proc. V. 43, p. 1125. 
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liminary unpublished data from beam tests, all indicate that some of the 
more recent improved types of bars develop bond resistances greatly in 
excess of any of the 20 or more deformed bar types rolled and widely 
used over the last 30 or 40 years. 


In a recent meeting of Committee 208 it was the consensus that that 
committee even now, at this early stage, should attempt to formulate 
an intermediate or interim recommendation for increased design stresses 
when any of several improved types of deformed bar are used. Such a 
recommendation obviously implies a definition whereby bars that qualify 
can be distinguished clearly from those that do not. Through the work 
of Mr. Clark and colleagues at the National Bureau of Standards a ten- 
tative draft for such a definition of an acceptable deformed reinforcing 
bar is already well advanced and is currently under study by Committee 
208 and others. 


Our present recommendation for increased design stresses should be 
clearly on the conservative side to avoid possible later reversal or back- 
ing up when fuller research data become available. There seems, how- 
ever, to be ample leeway for increase even after the strictest dictates of 
conservatism are followed. Such an interim increase in permissible 
stresses for acceptable bars should go far to: 

1) Get the old type bars off the market since they would be generally accepted only 
at a discount more or less proportional to relative ineffectiveness as reflected in the 
specifications; 2) Keep the manufacturers interested in rolling the better bars because 
of the tangible benefits made visible to them; 3) Encourage and spur backward manu- 
facturers to make the necessary change-overs in rolls and equipment; 4) Get more of the 
better bar types on the market. Several of them are presumably now available but 
purchasers in some areas are experiencing difficulty in securing deliveries and 5) Arouse 


’ designers to a consciousness that better bars are both on the way and here. 


Committee 208 is hopeful that within a very few months some of the 
first fruits of this investigation can be harvested in terms of dollars and 
cents to both manufacturers and purchasers and in terms of better struc- 
tures for all. If that hope is fulfilled, here indeed will constitute one 
instance in which ‘‘the lag between research and practice” will have 
been spectacularly shortened; all this after putting up for 30 years with 
bar types known to fall far short of the need. Again, then, let us give 
renewed commendation to the work of C. A. Menzel and his effective 
contributions toward the development of real deformed reinforcing bars 
and to the aggressive follow-up of the A.I.8.I. which promises soon to 
relegate the mediocre bars of the past to museum status. Mr. Clark’s 
results constitute an appetizing foretaste of what is probably coming. 


AUTHOR'S CLOSURE 


The discussers have offered interesting supplementary information 
and suggestions on this question of bond. 
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In reply to the question of Professor Posey, the rubber cushion inter- 
posed between the test specimen and the base plate of the testing ma- 
chine was 5¢ in. in thickness. Other thicknesses of rubber were not 
experimented with. 

I disagree with the suggestion that only small-scale deformations, of 
the order of size of the larger sand grains, can satisfy the requirements 
for better bond efficiency. On the contrary, these tests, those of Menzel 
and all others with which I am familiar show definitely the need for 
deformations of substantial height where there may be water gain under 
the bar. It is now recognized that one of the criteria of the bond effic- 
iency of a bar is the resistance to slip, when cast in a horizontal position, 
with several inches of concrete under the bar. 
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EDITORIAL NOTE 


In the following pages the current code appears in full in the larger type. The proposed 
revisions are shown in the smaller type in a narrower measure. Note the Ecmnites new tithe is 
“Building Code Requirements for Reinforced Concrete"’. The report = mmittee 318 with 
its proposed changes has ho released by the Stan dard action 
There were no di 9 the p of SS ‘8 on a letter ballot 
of the Committee in which ror members voted. 

Although the closing date for written discussion is April 1, 1947, prospective discussors 
are urged to present their ideas to the convention. Those who cannot be present should 
have their manuscript (in triplicate) in the Secretary's office not later than February 15, 
1947 to insure consideration at the convention. 











Title—change to, “Building Code Requirements for Reinforced Concrete.”’ 


CHAPTER 1—GENERAL 


101 
Line 1, change ‘“These regulations cover’’; to “This code covers.” 
; 4 , 
Line 6, delete “‘specific.”’ 
Line 7 and 8, change ‘‘these regulations’ to “this code.’’ 
g £ 


*Adopted as a Standard of the American Concrete Institute at its 37th Annual Convention, February 
20, 1941 as reported by Committee 315; Ratified by Letter Ballot July 21, 1941 (with editorial corrections 
from previous printings, in accordance with ‘Errata’ leaflet issued 1943.) The Committee acknowledges 
the active cooperation of the Committee on Engineering Practice of the Concrete Reinforcing Steel Institute. 


(401) 
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101—Scope 

(a) These regulations cover the use of reinforced concrete and plain 
concrete in any structure to be erected under the provisions of the 
building code of which they form a part. They are intended to supple- 
ment the general provisions of the code in order to provide for the 
proper design and construction of structures of these materials. In all 
matters pertaining to design and construction where these specific 
regulations are in conflict with other provisions of the code, these regu- 
lations shall govern. 


102—Permits and drawings 

(a) Drawings and typical details of all reinforced concrete con- 
struction showing the size and position of all structural members, metal 
reinforcement, design strength of concrete, and the live load used in 
the design shall be filed with the building department as a permanent 
record before a permit to construct such work will be issued. All plans 
submitted for approval or use on the work shall clearly show the strength 
of concrete at a specified age for which all parts of the structure were 
designed. Calculations pertaining to the design shall be filed with the 
drawings when required by the Commissioner of Buildings. 


103—Special systems of reinforced concrete 

(a) The sponsors of any system of reinforced concrete which has 
been in successful use, or the adequacy of which has been shown by test, 
and the design of which is either in conflict with, or not covered by these 
regulations shall have the right to present the data on which their de- 
sign is based to a “Board of Examiners for Special Construction’’ ap- 
pointed by the Commissioner of Buildings. This Board shall be com- 
posed of competent engineers, architects and builders, and shall have 
the authority to investigate the data so submitted and to formulate rules 
governing the design and construction of such systems. These rules 
when approved by the Commissioner of Buildings shall be of the same 
force and effect as the provisions of this code. 


104—Definitions 
(a) The following terms are defined for use in this code: 


Delete “Aggregate’—term and definition; substitute: Aggregate, Fine 
Natural sand, or sand prepared from stone, blast furnace slag, or gravel, or, sub- 
ject to the approval of the Commissioner of Buildings, other inert materials having 
similar characteristics. 

Aggregate, Coarse—Crushed stone, gravel, blast furnace slag, or other approved 
inert materials of similar characteristics, or combinations thereof having hard, 
strong, durable pieces, free from adherent coatings. 


Aggregate—Inert material which is mixed with portland cement and 
water to produce concrete. 
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Column—An upright compression member the length of which ex- 
ceeds three times its least lateral dimension. 


Column Capital—Delete “upper” in first line. 


Column Capital—An enlargement of the upper end of a reinforced 
concrete column designed and built to act as a unit with the column 
and flat slab. 


Column Strip—aA portion of a flat slab panel one-half panel in width 
consisting of the two adjacent quarter-panels on either side of the column 
center lines and extending through the panel in the direction of the span 
considered for bending. 


Combination Column—Line 1, change “section” to “member.” 
Line 4, add “‘thereon” after ‘allowed.’ 


Combination Column—A column in which a structural steel section, 
designed to carry the principal part of the load, is wrapped with wire 
and encased in concrete of such quality that some additional load may 
be allowed. 


Composite Column—Change “section” to “structural member.” 


Composite Column—aA column in which a steel or cast-iron section is 
completely encased in concrete containing spiral and longitudinal rein- 
forcement. 


Concrete—A mixture of portland cement, fine aggregate, coarse aggre- 
gate and water. 


Deformed Bar—Reinforcing bars with closely spaced shoulders, lugs 
or projections formed integrally with the bar during rolling. Wire mesh 
with welded intersections not farther apart than twelve inches in the 
direction of the principal reinforcement and with cross wires not smaller 
than No. 10 W. & M. gage may be rated as a deformed bar. 


Delete term and definition for Diagonal Band, Direct Band. 


Diagonal Band—A group of reinforcing bars covering a width ap- 
proximately 0.4 the average span, placed symmetrically with respect to 
the diagonal running from corner to corner of the panel of a flat slab. 


Direct Band—A group of reinforcing bars, covering a width approxi- 
mately 0.4 of l,, placed symmetrically with respect to the center lines of 
the supporting columns of a flat slab. 


Drop Panel—Line 2, after “column” add “or column.” 


Drop Panel—The structural portion of a flat slab which is thickened 
in the area surrounding the column capital. 
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Effective Area of Concrete—The area of a section which lies between 
the centroid of the tensile reinforcement and the compression face of the 
flexural member. 

Effective Area of Reinforcement—The area obtained by multiplying 
the right cross-sectional area of the reinforcement by the cosine of the 
angle between its direction and the direction for which the effectiveness 
is to be determined. 

Flat Slab—A concrete slab reinforced in two or more directions, gen- 
erally without beams or girders to transfer the loads to supporting 
columns. 

Middle Strip—A portion of a flat slab panel one-half panel in width, 
symmetrical about the panel center line and extending through the 
panel in the direction of the span considered for bending. 


Paneled Ceiling—Omit term and definition. 


Paneled Ceiling—A flat slab in which approximately that portion 
of the area enclosed within the intersection of the two middle strips is 
reduced in thickness. 

Panel Length—The distance along a panel side from center to center 
of columns of a flat slab. 

Pedestal—An upright compression member whose height does not 
exceed three times its least lateral dimension. 

Plain Conecrete—Concrete without reinforcement, or reinforced only 
for shrinkage or temperature changes. 


Ratio of Reinforcement—Omit term and definition. 


Ratio of Reinforcement—The ratio of the effective area of the rein- 
forcement to the effective area of the concrete at any section of a flexural 
member. 

Reinforced Concrete—Concrete in which reinforcement other than that 
provided for shrinkage or temperature changes is embedded in such a 
manner that the two materials act together in resisting forces. 

Surface Water—The water carried by the aggregate except that held 
by absorption within the aggregate particles themselves. 

Add new Section: 

105—ASTM Specifications cited in this code 

The specifications of the American Society for Testing Materials referred to in 
this code are listed below with their serial designation including the year of 


latest revision. They are declared to be a part of this code the same as if fully 
set forth elsewhere herein: 


A7-42 Standard Specifications for Steel for Bridges and Buildings 
Al15-39 Standard Specifications for Billet-Steel Bars for Concrete Reinforce- 
ment 
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A16-35 Standard Specifications for Rail-Steel Bars for Concrete Reinforcement 

A44-41 Standard Specifications for Cast Iron Pit-Cast Pipe for Water or Other 
Liquids 

A82-34 Standard Specifications for Cold-Drawn Steel Wire for Concrete Re- 
inforcement 

A160-39 Standard Specifications for Axle-Steel Bars for Concrete Reinforcement 

A185-37 Standard Specifications for Welded Steel Wire Fabric for Concrete Re- 
inforcement 

C31-44 Standard Method of Making and Curing Concrete Compression and 
Flexure Test Specimens in the Field 

C33-44 Standard Specifications for Concrete Aggregates 

C39-44 Standard Method of Test for Compressive Strength of Molded Con- 
crete Cylinders 

C94-44 Standard Specifications for Ready-Mixed Concrete 

C130-42 Standard Specifications for Lightweight Aggregates for Concrete 

C150-44 Standard Specifications for Portland Cement 

C192-44T Tentative Method of Making Concrete Compression and Flexure 
Test Specimens in the Laboratory 


CHAPTER 2—MATERIALS AND TESTS 
200 


Line 


1, after “‘test” add “relative to the ends of the span L.”’ 
Line 2, after “load test” add “(the shorter span of flat slabs and of floors sup- 


ported on four sides).”’ 


200—Notation 
D = Deflection of a floor member under load test. 
L = Span of member under load test. 
t = The total thickness or depth of a member under load test. 
201 


(a) Line 3, change, “when there is reasonable doubt as to” to “to determine.”’ 
Line 7, delete ‘‘the.’’ 

Line 8, delete “reasonable.” 

(b) Line 4 and 5, delete “by the Commissioner of Buildings at all times.” 

Line 5, after “work” add “and for two years thereafter’. 

Line 6, change, “two years after the completion of the structure’; to “that 


purpose.” 


201—Tests 

(a) ‘The Commissioner of Buildings, or his authorized representative, 
shall have the right to order the test of any material entering into con- 
crete or reinforced concrete when there is reasonable doubt as to its 
suitability for the purpose; to order reasonable tests of the concrete from 
time to time to determine whether the materials and methods in use are 
such as to produce concrete of the necessary quality; and to order the 
test under load of any portion of a completed structure, when the con- 
ditions have been such as to leave reasonable doubt as to the adequacy 
of the structure to serve the purpose for which it is intended. 
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(b) Tests of materials and of concrete shall be made in accordance 
with the requirements of the American Society for Testing Materials 
as noted elsewhere in this chapter. The complete records of such tests 
shall be available for inspection by the Commissioner of Buildings at all 
times during the progress of the work, and shall be preserved by the 
engineer or architect for two years after the completion of the structure. 


202— 

Line 3, change “‘one and one-half’’ to “two.” 

Line 8, after “or,” delete the comma and add “‘else.”’ 

Line 9, change “‘shall’”’ to “may.” 

Line 11, after “following:’” delete colon; add ‘“‘formula:’”’; change formula (1) 
to read: 


Line 13, add “in which” before “‘all’’; after ‘terms’ add ‘‘are’’. 

Par. 2, line 1, add “‘(b)”’ before “‘if.”’ 

Line 3, change “the member or portion” to end of paragraph to: “. .  .the 
residual deflection does not exceed either forty percent of the maximum deflection 
observed under load or sixty percent of that given by formula (1). Under no 
circumstances will the construction be considered acceptable if the deflection 
under load exceeds three times that given by the formula.” 


202—Load tests 


(a) When a load test is required, the member or portion of the struc- 
ture under consideration shall be subject to a superimposed load equal 
to one and one-half times the live load plus one-half of the dead load. 
This load shall be left in position for a period of twenty-four hours before 
removal. If, during the test, or upon removal of the load, the member or 
portion of the structure shows evident failure, such changes or modifi- 
cations as are necessary to make the structure adequate for the rated 
capacity shall be made; or, where lawful, a lower rating shall be estab- 
lished. The structure shall be considered to have passed the test if the 
maximum deflection at the end of the twenty-four hour period does not 
exceed the value of D as given in the following: 

p= 1L 
12¢ 
all terms expressed in the same units. 


eT Stee Gaile kW 4 0.0 9.0°0.0. 08 fe se CO 


If the deflection exceeds the value of D as given in formula (1), the 
construction shall be considered to have passed the test if within twenty- 
four hours after the removal of the load the member or portion of the 
structure shows a recovery of at least seventy-five per cent of the ob- 
served deflection. 


203-— 


“ce” in “concrete”; add “preferably’’ after 


Line 1, delete “All”; capitalize ‘« 
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“supervised”; change “architect or engineer” to “the engineer or architect.” 

Line 3, change “the architect or engineer” to “him.” 

Line 5, delete second ‘‘and”’; 

Line 6, after “reinforcing steel” add “and the general progress of the work”; 
change sentence “A . . . curing” to “When the temperature falls below 40 
degrees I’, a complete record of the temperatures and of the protection given to the 
concrete while curing shall be kept.” 

Line 9 and 10, delete “by the Commissioner of Buildings at all times.” 


Line 11, after ‘“‘the work and’ add “for two years thereafter and’’; change 


architect or engineer” to “engineer or architect”; change “for two years after 

completion of the work” to “for that purpose.” 
203—Supervision 

(a) All concrete work shall be supervised by the architect or engineer 
responsible for its design, or by a competent representative responsible 
to the architect or engineer. A record shall be kept of such supervision, 
which record shall cover the quality and quantity of concrete materials, 
the mixing and placing of the concrete, and the placing of the reinforcing 
steel. A complete record shall also be kept of the progress of the work 
and of the temperatures, when these fall below 40 degrees F., and of the 
protection given to the concrete while curing. This record shall be avail- 
able for inspection by the Commissioner of Buildings at all times during 
the progress of the work and shall be preserved by the architect or 
engineer for two years after the completion of the work. 

204 

Line 2, change all of section after “Portland Cement” to “(A.S.T.M. Desig- 

nation: C150).” 
204—Portland cement 

(a) Portland cement shall conform to the “Standard Specifications 
for Portland Cement” (A.8.T.M. Serial Designation: C9-38) or the 
“Standard Specifications for High-EKarly-Strength Portland Cement’’ 
(A.S.T.M. Serial Designation: C74-39). 

205 
(a) Line 2, delete ‘Serial’ and “-40”, 
Line 3, change “‘provided however,”’ to “or to the “Standard Specifications for 
Lightweight Aggregates for Concrete” (A.8.T.M. Designation: C130), except’’; 
after “aggregates,”’ add “failing to meet these specifications but’’; after “by,” 
add “special,” . 
Lines 4 and 5, change “strength, durability, water-tightness, fire-resistance, 
and wearing qualities’ to “‘quality.” 
205—Concrete aggregates 

(a) Concrete aggregates shall conform to the “Standard Specifica- 
tions for Concrete Aggregates” (A.8S.T.M. Serial Designation: C33-40), 
provided however, that aggregates which have been shown by test or 
actual service to produce concrete of the required strength, durability, 
water-tightness, fire-resistance, and wearing qualities may be used under 
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Section 302(a) Method 2, where authorized by the Commissioner of 
Buildings. 


(b) The maximum size of the aggregate shall be not larger than one- 
fifth ‘of the narrowest dimension between sides of the forms of the member 
for which the concrete is to be used nor larger than three-fourths of the 
minimum clear spacing between reinforcing bars. 


206—Water 


(a) Water used in mixing concrete shall be clean, and free from in- 
jurious amounts of oils, acids, alkalis, organic materials, or other deleteri- 
ous substances. 


207— 
(a) Line 1, change “Metal reinforcement”’ to ‘Reinforcing bars.” 
Line 3, delete ‘‘Serial’”’ and ‘‘-39”’; after “or” add “Standard Specifications for.” 
Line 4, delete ‘Serial’ and “-35” 
Line 5, after “‘or”’ add “Standard Specifications for’; delete ‘‘Serial.”’ 
Line 6, de'ete ‘‘-39”’. 
(b) Line 4, delete “‘Serial’”’ and ‘‘-34’’. 
Line 5, delete ‘‘Serial’’. 
Line 6, delete ‘‘-37.” 
(c) Line 2, delete “Structural.” 
Line 3, delete ‘‘Serial’’ and ‘-39.” 
(d) Line 2, change ‘“Tentative” to “Standard.”’ 
Line 3, delete ‘‘Serial’’ and “-39T.” 


207—Metal reinforcement 


(a) Metal reinforcement shall conform to the requirements of the 
“Standard Specifications for Billet-Steel Bars for Concrete Reinforce- 
ment” (A. 8. T. M. Serial Designation: A15-39), or for ‘‘Rail-Steel Bars 
for Concrete Reinforcement” (A. 8. T. M. Serial Designation: A16-35), 
or for “‘Axle-Steel Bars for Concrete Reinforcement” (A. 8. T. M. Serial 
Designation: A160-39). 

(b) Cold-drawn wire or welded wire fabric for concrete reinforce- 
ment shall conform to the requirements of the “Standard Specifications 
for Cold-Drawn Steel Wire for Concrete Reinforcement” (A. 8. T. M. 
Serial Designation: A82-34), or “Standard Specifications for Welded 
Steel Wire Fabric for Concrete Reinforcement” (A. S. T. M. Serial 
Designation: A185-37). 

(c) Structural steel shall conform to the requirements of the ‘‘Stand- 
ard Specifications fcr Structural Steel for Bridges and Buildings’’ (A. §. 
T. M. Serial Designation: A7-39). 

(d) Cast-iron sections for composite columns shall conform to the 
“Tentative Specifications for Cast Iron Pit-cast Pipe for Water and 
Other Liquids” (A. S. T. M. Serial Designation: A44-39T). 
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208—Storage of materials 

(a) Cement and aggregates shall be stored in such a manner as to 
prevent deterioration or intrusion of foreign matter. Any material 
which has deteriorated or which has been damaged shall not be used for 
concrete. 


Chapter 3—Title, change ‘“‘Working”’ to “Allowable”. 


CHAPTER 3—CONCRETE QUALITY AND WORKING STRESSES 
300— 
Line 2, delete, ‘Ultimate’; capitalize “c’’ in “compressive.” 
Line 4, change ‘‘Allowable”’ to “Compressive.” 
Line 6, change “working” to “‘allowable’’. 
300—Notation 
f. = Compressive unit stress in extreme fiber of concrete in flexure. 
re Ultimate compressive strength of concrete at age of 28 days 
unless otherwise specified. 
f, = Allowable unit stress in the metal core of a composite column. 
f, = Tensile unit stress in longitudinal reinforcement; nominal 
working stress in vertical column reinforcement. 
f, = Tensile unit stress in web reinforcement. 


I 


n = Ratio of modulus of elasticity of steel to that of concrete. 
u = Bond stress per unit of surface area of bar. 
v = Shearing unit stress. 


v. = Shearing unit stress permitted on the concrete. 


301 
(a) Line 2, change “working” to “allowable’’. 
Line 3, delete “ultimate’’. 
Line 4, delete “ultimate’’. 
(b) Line 1, change ‘‘All” to ‘No’; change “the” before “‘weather’’ to “freez- 
ing.”’ 
Line 2, change ‘‘of not to exceed” to “exceeding”; delete hyphen in ‘‘water- 
content’’; delete asterisk and footnote to which it refers. 
301—Concrete quality 
(a) For the design of reinforced concrete structures, the value of 
f’. used for determining the working stresses as stipulated in Section 305 
shall be based on the specified minimum ultimate 28-day compressive 
strength of the concrete, or on the specified minimum ultimate com- 
pressive strength at the earlier age at which the concrete may be expected 
to receive its full load. All plans, submitted for approval or used on the 
job, shall clearly show the assumed strength of concrete at a specified 
age for which all parts of the structure were designed. 
(b) All concrete exposed to the action of the weather shall have a 
water-content of not to exceed six gallons per sack of cement.* 


*In climates where frost action is not severe this section should be omitted. 
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302— 

Change title to “Methods for determining strength of concrete.” 

(a) Method 1, line 1, delete hyphen in “water-content” also in left column 
heading Table 302(a) and footnote. 

Method 2, line 1, delete hyphen in ‘‘water-content”’. 

Lines 4 and 5, change “of Making Compression Tests of Concrete’’ to “of Test 
for Compressive Strength of Moulded Concrete Cylinders’; delete “Serial and 
4.30,” 


Lines 6 and 11, delete hyphen in ‘‘water-content’’. 
302—Determination of strength-quality of materials 
(a) The determination of the proportions of cement, aggregate and 
water to attain the required strengths shall be made by one of the 
following methods: 


Method 1—Concrete made from average materials: 


When no preliminary tests of the materials to be used are made, the water-content 
per sack of cement shall not exceed the values in Table 302(a). Method 2 shall be em- 
ployed when artificial aggregates or admixtures are used. 


TABLE 302(a)—ASSUMED STRENGTH OF CONCRETE MIXTURES 











Water-Content U. 8S. Gallons Assumed Compressive Strength 
Per 94-lb. Sack of Cement at 28 Days—p.s.i. 
7% 2000 
63% 2500 
6 3000 
5 3750 





Nors—In interpreting this table, surface water carried by the aggregate must be included as part of 
the mixing water in computing the water-content. 


Method 2—Controlled Concrete: 


Water-content other than shown in Table 302(a) may be used provided that the 
strength-quality of the concrete proposed for use in the structure shall be established 
by tests which shall be made in advance of the beginning of operations, using the con- 
sistencies suitable for the work and in accordance with the “Standard Method of Mak- 
ing Compression Tests of Concrete” (A.8.T.M. Serial Designation: C39-39). A curve 
representing the relation between the water-content and the average 28-day compressive 
strength or earlier strength at which the concrete is to receive its full working load, shall 
be established for a range of values including all the compressive strengths called for on 
the plans. 

The curve shall be established by at least three points, each point representing average 
values from at least four test specimens. The maximum allowable water-content for 
the concrete for the structure shall be as determined from this curve and shall correspond 
to a strength which is fifteen percent greater than that called for on the plans. No 
substitutions shall be made in the materials used on the work without additional tests 
in accordance herewith to show that the quality of the concrete is satisfactory. 


303— 

Change title to ‘Concrete Proportions and Consistency”; change text to that 
of present Section 304 (a) and (b). 

(a) The proportions of aggregate to cement for any concrete shall be such 
as to produce a mixture which will work readily into the corners and angles of 
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the forms and around reinforcement with the method of placing employed on the 
work, but without permitting the materials to segregate or excess free water to 
collect on the surface. The combined aggregates shall be of such composition of 
sizes that when separated on the No. 4 standard sieve, the weight passing the 
sieve (fine aggregate) shall not be less than thirty percent nor greater than fifty 
percent of the total, except that these proportions do not necessarily apply to 
light-weight aggregates. 


(b) The methods of measuring concrete materials shall be such that the pro- 
portions can be accurately controlled and easily checked at any time during the 
work.* Measurement of materials for ready mixed concrete shall conform to the 
“Standard Specifications for Ready-Mixed Concrete” (A. 8S. T. M. Designation: 
C94). 
303—Tests on concrete 

(a) The Commissioner of Buildings shall require a reasonable num- 
ber of compression tests to be made during the progress of the work. 
Such tests shall be made in accordance with the ‘Standard Method of 
Making and Storing Compression Test Specimens of Concrete in the 
Field” (A. 8. T. M. Serial Designation C31-39), and cured in accordance 
with the requirements for laboratory control tests. 


(b) Not less than three specimens shall be made for each test; nor 
less than one test for each 250 cu. yd. of concrete. 


(c) The standard age of test shall be 28 days, but 7-day tests may 
be used provided that the relation between the 7- and 28-day strengths 
of the concrete is established by test for the materials and proportions 
used. 


(d) Where the average strength of the laboratory control cylinders 
for any portion of the structure falls below the minimum ultimate com- 
pressive strengths called for on the plans, the Commissioner of Buildings 
shall have the right to order a change in the mixture or in the water 
content for the remaining portion of the structure. In cases where the 
average strength of the cylinders cured on the job falls below the re- 
quired strength, the Commissioner of Buildings shall have the right to 
require conditions of temperature and moisture necessary to secure the 
required strength. If the average strength of either the laboratory 
control cylinders or the cylinders cured on the job falls below the re- 
quired strength, load tests as specified in Section 202 may be required 
on the portion of the structure so affected. 

304— 

Change title to ‘“Tests on concrete’. 

Change text to the following: 

(a) The Commissioner of Buildings may require a reasonable number of 
tests to be made during the progress of the work. Not less than three specimens 
shall be made for each test, nor less than one test for each 250 cu. yd. of concrete. 
Specimens shall be made and cured in accordance with the “Tentative Method 


ow 





*Wherever practicable such measurement shall be by weight rather than by volume. 
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of Making Concrete Compression and Flexure Test Specimens in the Laboratory”’ 
(A.S.T.M. Designation: C192) or, if in the opinion of the Commissioner of Build- 
ings there is a possibility of the air temperature falling below 40 F., he may 
require the specimens to be made in accordance with the “Standard Method of 
Making Concrete Compression and Flexure Test Specimens in the Field (A.S.T. 
M. Designation: C31). 

(b) The standard age of test shall be 28 days, but 7-day tests may be used 
provided that the relation between the 7- and 28-day strengths of the concrete 
is established by tests for the materials and proportions used. 

(c) If the average strength of the laboratory control cylinders for any por- 
tion of the structure falls below the compressive strength required by the design, 
the Commissioner of Buildings shall have the right to order a change in the pro- 
portions or the water content of the concrete for the remaining portions of the 
structure. If the average strength of the cylinders cured on the job falls below 
the required strength, the Commissioner of Buildings shall have the right to re- 
quire changes in the conditions of temperature and moisture necessary to secure 
the required strength. 

(d) In addition, where there is question as to the quality of the concrete in 
the structure, the Commissioner of Buildings may require tests in accordance with 
the ‘Standard Methods of Securing, Preparing and Testing Specimens of Hard- 
ened Concrete for Compressive and Flexural Strengths’’, (A.S.T.M. Designation 
C42) or order load tests as outlined in Section 202 for that portion of the struc- 
ture where the questionable concrete has been placed. 


304—Concrete proportions and consistency 

(a) The proportions of aggregate to cement for any concrete shall 
be such as to produce a mixture which will work readily into the corners 
and angles of the forms and around reinforcement with the method of 
placing employed on the work, but without permitting the materials to 
segregate or excess free water to collect on the surface. The combined 
aggregates shall be of such composition of sizes that when separated on 
the No. 4 standard sieve, the weight passing the sieve (fine aggregate) 
shall not be less than thirty percent nor greater than fifty percent of the 
total, except that these proportions do not necessarily apply to light- 
weight aggregates. 

(b) The methods of measuring concrete materials shall be such that 
the proportions can be accurately controlled and easily checked at any 
time during the work.* Measurement of materials for ready mixed 
concrete shall conform to the “Standard Specifications for Ready-Mixed 
Concrete” (A. 8. T. M. Serial Designation: C94-38). 


305— 

(a) Line 3, delete “ultimate”’. 

Table 305(a), Column 3 head, delete “‘as Fixed by Test’”’; Column 4, 5, 6 and 7 
top head, change ‘‘When Strength of Concrete is Fixed by the Water-Content in 
Accordance with Section 302” to ‘For Strength of Concrete Shown Below’’. 

Column 1 under Flexure: f., add new line “Extreme fiber stress in tension in 
plain concrete footings . . . | f. | 0.03f’. | 60 | 75 | 90 | 113”. 


*Wherever practicable such measurements shall be by weight rather than by volume. 
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After Shear: v, add “(as a measure of diagonal tension)”; before Bond:  u, 
delete “t’’ and footnote to which it refers. 
Change present text of table to: 


Bond: u 
In beams and slabs: 
Plain Bars 


0.04f'- 8O 100 120 150 
but not | 

| to exceed 
160 p.s.i. | 


Deformed Bars. sas u |  0.05f’. 100 125 |; 150 | 188 
but not | 
to exceed 
200 p.s.i. j 


In beams and slabs and one-way footings: | 
Plain bars (hooked). ..... ped u 0.06f'c 120 | 150 180 200 
but not | 
to exceed 


200 p.s.i. 
Deformed bars (hooked) : u | 0.075f’e | 150 | 188 225 250 
but not | 
to exceed 
250 p.s.i. 


In two-way footings: 

Plain bars (hooked) , u 0.045f'e 90 113 | 135 | 160 
but not | | 
to exceed } 
160 p.s.i. 

Deformed bars (hooked) . u 0.056f'e 112 140 168 200 
but not 
to exceed 
200 p.s.i. 


Under bearing: f., line 2, change f, to f.. 


305—Allowable unit stresses in concrete 
(a) The unit stresses in pounds per square inch on concrete to be 
used in the design shall not exceed the values of Table 305(a) where f’, 
equals the minimum specified ultimate compressive strength at 28 days, 
or at the earlier age at which the concrete may be expected to receive its 
full load. 
306 
Line 1, change ‘‘these Regulations” to ‘‘this Code’’. 
(c) Line 1, change “‘working”’ to “allowable’’. 
306—Allowable unit stresses in reinforcement 
Unless otherwise provided in these Regulations, steel for concrete 
reinforcement shall not be stressed in excess of the following limits: 
(a) Tension 
(f, = Tensile unit stress in longitudinal reinforcement) 
and (f, = Tensile unit stress in web reinforcement) 

20,000 p.s.i. for Rail-Steel Concrete Reinforcement Bars, Billet-Steel 
Concrete Reinforcement Bars (of intermediate and hard grades), 
Axle-Steel Concrete Reinforcement Bars (of intermediate and 
hard grades), and Cold-Drawn Steel Wire for Concrete Reinforce- | 
ment. 
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TABLE 305(a)}—-ALLOWABLE UNIT STRESSES IN CONCRETE 





Allowable Unit Stresses 


For An 
Strength o When Strength of Concrete is Fixed 
Concrete as |by the Water-Content in Accordance 




















sae? Fixed by with Section 302 
Description Test in 
Accordance 
with Section| f’e = | fie = | fie = | fle = 
302 2000 25 3000 3750 
30000 p.s.i. p-s.i. p.s.i. p.s.i. 
n= - n=15|n =12)/n=10\|n =8 
f'e 
Flexure: fe ‘ . 
Extreme fiber stress in compression......... te 0.45f" 900 1125 1350 1688 
Shear: 0 é { 
Beams with no web reinforcement and with- 
out special anchorage of longitudinal 
sands sans oes a'ss SES Re Te oe es 0.02f"« 40 50 60 75 
Beams with no web reinforcement but with 
special anchorage of longitudinal steel ....| v- 0.03f' « 60 75 90 113 
Beams with properly designed web reinforce- 


ment but without special anchorage of 
longitudinal steel................. paais'a'3)s v 0.06f' « 120 150 | 180 225 
Beams with properly designed web reinforce- 
ment and with special anchorage of longi- 


























CC Gs valde dc bay'n¥ieeuied 0% v 0.12f' 240 300 360 450 
*Flat slabs at distance d from edge of column 
capital or drop panel................... Ve 0.03f' 60 75 90 113 
ER a wind ay 6 Bib. dsb 5 eeuield.e ae 6h Ve 0.03f'. | 60 75 75 75 
but not | 
to exceed 
75 p.s.i. 
tBond: u : 
In beams and slabs and one-way footings: 
0 ES EASA Serre u 0.04f’- 80 100 120 150 
but not 
to exceed 
160 p.s.i. 
NS od acai oy aalie wweialas « u 0.05f" 100 125 150 188 
but not | 
to exceed 
200 p.s.i. 
In two-way footings: 
SN OUND «ko oc cb cceccnve sos u 0.045f' 90 113 135 160 
but not 
to exceed 
160 p.s.i. | 
| 
Deformed bars (hooked)................ u 0.056f" « 112 140 168 200 
but not | 
to exceed | 
i 200 p.s.i. 
Bearing: i’ 
ET RA ee 4 a | fe 0.257’. | 500 625 750 938 
On one-third area or lesst............... | fe 0.375f'’e | 750 938 1125 1405 


| ' 





*See Section 807. | **See Section 905(a) and 808(a). 
he allowable bearing stress on an area greater than one-third but less than the full area shall be inter- 
polated between the values given. 
tWhere special anchorage is provided (see Section 903(a), one and one-half times these values in bond 
may be in beams, slabs and one-way footings, but in no case to exceed 200 p.s.i. for plain bars and 
poe ap for deformed bars. The values given for two-way footings include an allowance for special 
anchorage. 


18,000 p.s.i. for Billet-Steel Concrete Reinforcement Bars (of struc- 
tural grade), and Axle-Steel Concrete Reinforcement Bars (of 
structural grade). 

(b) Tension in One-Way Slabs of Not More Than 12 Feet Span 

(f, = Tensile unit stress in main reinforcement). 

For the main reinforcement, %% inch or less in diameter, in one-way 
slabs, 50 percent of the minimum yield point specified in the Standard 
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Specifications of the American Society for Testing Materials for the 
particular kind and grade of reinforcement used, but in no case to exceed 
30,000 p.s.i. 
(c) Compression, Vertical Column Reinforcement 
(f, = Nominal working stress in vertical column reinforcement). 
Forty percent of the minimum yield point specified in the Standard 
Specifications of the American Society for Testing Materials for the 
particular kind and grade of reinforcement used, but in no case to exceed 
30,000 p.s.i. 
(f, = Allowable unit stress in the metal core of composite and 
combination columns): 


ONG SUN NOUNOONDS 6... Ss vs a ova» adage ovanseau eee 16,000 p.s.i. 
Te IN. 5 Kita bs dy a's wo bre ene haaee Lie 10,000 p.s.i. 
EN nb atc wes easd ba Ada eS See limitations of Section 1106(b) 


(d) Compression, Flexural Members 


For compression reinforcement in flexural members see Section 706(b). 


CHAPTER 4—MIXING AND PLACING CONCRETE 
401—Preparation of equipment and place of deposit 


(a) Before placing concrete, all equipment for mixing and trans- 
porting the concrete shall be cleaned, all debris and ice shall be removed 
from the spaces to be occupied by the concrete, forms shall be thor- 
oughly wetted (except in freezing weather) or oiled, and masonry filler 
units that will be in contact with concrete shall be well drenched (ex- 
cept in freezing weather), and the reinforcement shall be thoroughly 
cleaned of ice or other coatings. 

(b) Water shall be removed from place of deposit before concrete is 
placed unless otherwise permitted by the Commissioner of Buildings. 


402— 
(d) Delete “Serial” and “-38.” 


402—Mixing of concrete 


(a) Unless otherwise authorized by the Commissioner of Buildings, 
the mixing of concrete shall be done in a batch mixer of approved type. 

(b) The concrete shall be mixed until there is a uniform distribution 
of the materials and shall be discharged completely before the mixer 
is recharged. 


(c) For job mixed concrete, the mixer shali be rotated at a speed 
recommended by the manufacturers and mixing shall be continued for 
at least one minute after all materials are in the mixer. A longer mixing 
period may be required for mixers larger than one cubic yard capacity. 
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(d) Ready-mixed concrete shall be mixed and delivered in accord- 
ance with the requirements set forth in the “Standard Specifications for 
Ready-Mixed Concrete” (A. 8. T. M. Serial Designation C94-38). 


403—Conveying 

(a) Concrete shall be conveyed from the mixer to the place of final 
deposit by methods which will prevent the separation or loss of the 
materials. 

(b) Equipment for chuting, pumping and pneumatically conveying 
concrete shall be of such size and design as to insure a practically con- 
tinuous flow of concrete at the delivery end without separation of the 
materials. 


404—Depositing 

(a) Concrete shall be deposited as nearly as practicable in its final 
position to avoid segregation due to rehandling or flowing. The con- 
creting shall be carried on at such a rate that the concrete is at all times 
plastic and flows readily into the spaces between the bars. No concrete 
that has partially hardened or been contaminated by foreign materials 
shall be deposited on the work, nor shall retempered concrete be used. 


(b) When concreting is once started, it shall be carried on as a con- 
tinuous operation until the placing of the panel or section is completed. 
The top surface shall be generally level. When construction joints are 
necessary, they shall be made in accordance with Section 508. 


(c) All concrete shall be thoroughly compacted by suitable means 
during the operation of placing, and shall be thoroughly worked around 
the reinforcement and embedded fixtures and into the corners of the 
forms. Vibrators may be used to aid in the placement of the concrete 
provided they are used under experienced supervision, and the forms 
are designed to withstand their action. 

(d) Where conditions make compacting difficult, or where the rein- 
forcement is congested, batches of mortar containing the same propor- 
tions of cement to sand as used in the concrete, shall first be deposited in 
the forms to a depth of at least one inch. 


405—Curing 

(a) Im all concrete structures, concrete made with normal portland 
cement shall be maintained in a moist condition for at least the first 
seven days after placing and high-early-strength concrete shall be so 
maintained for at least the first three days. 


406—Cold weather requirements 

(a) Adequate equipment shall be provided for heating the concrete 
materials and protecting the concrete during freezing or near-freezing 
weather. No frozen materials or materials containing ice shall be used. 
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(b) All concrete materials and all reinforcement, forms, fillers and 
ground with which the concrete is to come in contact, shall be free from 
frost. Whenever the temperature of the surrounding air is below 40 
degrees Fahrenheit, all concrete when placed in the forms shall have a 
temperature of between 60 and 90 degrees Fahrenheit and shall be main- 
tained at a temperature of not less than 50 degrees Fahrenheit for at 
least 72 hours for normal concrete or 24 hours for high-early-strength 
concrete, or for as much more time as is necessary to insure proper rate of 
curing of the concrete. The housing, covering or other protection used 
in connection with curing shall remain in place and intact at least twenty- 
four hours after the artificial heating is discontinued. No dependence 
shall be placed on salt or other chemicals for the prevention of freezing. 
Manure, when used for protection, shall not be allowed to come into 
contact with the concrete. 


CHAPTER 5—FORMS AND DETAILS OF CONSTRUCTION 

501—Design of forms 

(a) Forms shall conform to the shape, lines, and dimensions of the 
members as called for on the plans, and shall be substantial and suffici- 
ently tight to prevent leakage of mortar. They shall be properly braced 
or tied together so as to maintain position and shape. 
502—Removal of forms 

(a) Forms shall be removed in such manner as to insure the complete 
safety of the structure. Where the structure as a whole is supported on 
shores, the removable floor forms, beam and girder sides, column and 
similar vertical forms may be removed after twenty-four hours, providing 
the concrete is sufficiently hard not to be injured thereby. In no case 
shall the supporting forms or shoring be removed until the members 
have acquired sufficient strength to support safely their weight and the 
load thereon. The results of suitable control tests may be used as 
evidence that the concrete has attained such sufficient strength. 

503 
Place ‘‘*” after title and add footnote: 
“*Since this section was adopted a number of concrete floors have been built 
with pipes embedded for radiant heating which is prohibited by this section. The 
Committee is studying the problem for the purpose of revising the requirements 
to permit the safe use of such pipes in structural concrete.”’ 
503—Pipes, conduits, etc., embedded in concrete 

(a) Pipes which will contain liquid, gas or vapor at other than room 
temperature shall not be embedded in concrete necessary for structural 
stability or fire protection. Drain pipes and pipes whose contents will 
be under pressure greater than atmospheric pressure by more than one 
pound per square inch shall not be embedded in structural concrete 
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except in passing through from one side to the other of a floor, wall or 
beam. Electric conduits and other pipes whose embedment is allowed 
shall not, with their fittings, displace that concrete of a column on which 
stress is calculated or which is required for fire protection, to greater 
extent than four per cent of the area of the cross section. Sleeves or other 
pipes passing through floors, walls or beams shall not be of such size or in 
such location as unduly to impair the strength of the construction; such 
sleeves or pipes may be considered as replacing structurally the displaced 
concrete, provided they are not exposed to rusting or other deterioration, 
are of uncoated iron or steel not thinner than standard wrought-iron 
pipe, have a nominal inside diameter not over two inches, and are spaced 
not less than three diameters on centers. Embedded pipes or conduits 
other than those merely passing through, shall not be larger in outside 
diameter than one-third the thickness of the slab, wall or beam in which 
they are embedded; shall not be spaced closer than three diameters 
on centers, nor so located as unduly to impair the strength of the con- 
struction. Circular uncoated or galvanized electric conduit of iron or 
steel may be considered as replacing the displaced concrete. 
504— 
Line 4, after “‘bar’’ add, “Hooks shall conform to the requirements of Section 
906.” 


504—Cleaning and bending reinforcement 

(a) Metal reinforcement, at the time concrete is placed, shall be 
free from rust scale or other coatings that will destroy or reduce the 
bond. Bends for stirrups and ties shall be made around a pin having a 
diameter not less than two times the minimum thickness of the bar. 
Bends for other bars shall be made around a pin having a diameter not 
less than six times the minimum thickness of the bar, except that for 
bars larger than one inch, the pin shall be not less than eight times the 
minimum thickness of the bar. All bars shall be bent cold. 


505— 

(a) Line 10. Add “Where reinforcement in beams or girders is placed in two or 
more layers, the clear distance between layers shall be not less than 1 in., and the 
bars in the upper layers shall be placed directly above those in the bottom layer.”’ 


505—Placing reinforcement 


(a) Metal reinforcement shall be accurately placed and adequately 
secured in position by concrete or metal chairs and spacers. The mini- 
mum clear distance between parallel bars shall be one and one-half times 
the diameter for round bars and twice the side dimension for square bars. 
If special anchorage as required in Section 903 is provided, the minimum 
clear distance between parallel bars shall be equal to the diameter for 
round bars and one and one-half times the side dimension for square bars. 
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In no case shall the clear distance between bars be less than one in., nor 
less than one and one-third times the maximum size of the coarse aggre- 
gate. 

(b) When wire or other reinforcement, not exceeding one-fourth inch 
in diameter is used as reinforcement for slabs not exceeding ten feet in 
span, the reinforcement may be curved from a point near the top of the 
slab over the support to a point near the bottom of the slab at mid- 
span; provided such reinforcement is either continuous over, or securely 
anchored to the support. 


506 
Title, delete, “and offsets’. 
(a) Line 3, change sentence “In such . . . Section 505,” to “The clear 


distance between bars shall also apply to the clear distance between a contact 

splice and adjacent contact splices or bars’’. 

(b) Change paragraph to ‘‘Splices in the reinforcement of columns are specified 

in Section 1103(c)”’. 
506—Splices and offsets in reinforcement 

(a) In slabs, beams and girders, splices of reinforcement at points 
of maximum stress shall generally be avoided. Splices shall provide 
sufficient lap to transfer the stress between bars by bond and shear. In 
such splices the mimimum spacing of bars shall be as specified in Section 
505. 

(b) Where changes in the cross section of a column occur, the longi- 
tudinal bars shall be offset in a region where lateral support is afforded. 
Where offset, the slope of the inclined portion shall not be more than 1 in 
6, and in the case of tied columns the ties shall be spaced not over three 
inches on centers for a distance of one foot below the actual point of 
offset. 

507 

(b) Line 6, delete ‘metal’. 
(c) Line 1, change “these Regulations form” to “this Code forms’’. 
507—Concrete protection for reinforcement 

(a) The reinforcement of footings and other principal structural 
members in which the concrete is deposited against the ground shall 
have not less than three inches of concrete between it and the ground 
contact surface. If concrete surfaces after removal of the forms are to be 
exposed to the weather or be in contact with the ground, the reinforce- 
ment shall be protected with not less than two inches of concrete for 
bars more than 5% inch in diameter and one and one-half inches for bars 
5% inch or less in diameter. 

(6) The concrete protective covering for reinforcement at surfaces 
not exposed directly to the ground or weather shall be not less than 
three-fourths inch for slabs and walls; and not less than one and one-half 
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inches for beams, girders and columns. In concrete joist floors in which 
the clear distance between joists is not more than thirty inches, the pro- 
tection of metal reinforcement shall be at least three-fourths inch. 

(c) If the code of which these regulations form a part specifies, as 
fire-protective covering of the reinforcement, thicknesses of concrete 
greater than those given in this section, then such greater thicknesses 
shall be used. 

(d) Concrete protection for reinforcement shall in all cases be at least 
equal to the diameter of round bars, and one and one-half times the side 
dimension of square bars. 

(e) Exposed reinforcement bars intended for bonding with future 
extensions shall be protected from corrosion by concrete or other 
adequate covering. 

508— 

(a) Line 5, delete “but not saturated’. 
508—Construction joints 

(a) Joints not indicated on the plans shall be so made and located 
as to least impair the strength of the structure. Where a joint is to be 
made, the surface of the concrete shall be thoroughly cleaned and all 
laitance removed. In addition to the foregoing, vertical joints shall be 
thoroughly wetted but not saturated, and slushed with a coat of neat 
cement grout immediately before placing of new concrete. 

(b) At least two hours must elapse after depositing concrete in the 
columns or walls before depositing in beams, girders, or slabs supported 
thereon. Beams, girders, brackets, column capitals, and haunches shall 
be considered as part of the floor system and shall be placed monoli- 
thically therewith. 

(c) Construction joints in floors shall be located near the middle of 
the spans of slabs, beams, or girders, unless a beam intersects a girder 
at this point, in which case the joints in the girders shall be offset a 
distance equal to twice the width of the beam. In this last case provision 
shall be made for shear by use of inclined reinforcement. 


CHAPTER 6—DESIGN—GENERAL CONSIDERATIONS 
600— 
Line 1, delete ‘“‘Ultimate’’; capitalize “c’”’ in “compressive’’. 
600—Notation 
f’. = Ultimate compressive strength of concrete at age of 28 days, 
unless otherwise specified. 


n = Ratio of modulus of elasticity of steel to that of con- 


E, 30,000 
crete = es ; assumed as equal to ~~~ 
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601 
(a) Line 2, change ‘“‘working”’ to “‘allowable’’. 
601—Assumptions 
(a) The design of reinforced concrete members shall be made with 
reference to working stresses and safe loads. The accepted theory of 
flexure as applied to reinforced concrete shall be applied to all members 
resisting bending. The following assumptions shall be made: 
1. The steel takes all the tensile stress. 
2. In determining the ratio n for design purposes, the modulus 
of elasticity for the concrete shall be assumed as 1000 f’., and that 
for steel as 30,000,000 p.s.i. 


602—Design loads 


(a) The provisions for design herein specified are based on the as- 
sumption that all structures shall be designed for all dead- and live- 
loads coming upon them, the live-loads to be in accordance with the 
general requirements of the building code of which this forms a part, with 
such reductions for girders and lower story columns as are permitted 
therein. 


603—Resistance to wind forces 


(a) ‘The resisting elements in structures required to resist wind forces 
shall be limited to the integral structural parts. 


(b) The moments, shears, and direct stresses resulting from wind 
forces determined in accordance with recognized methods shall be 
added to the maximum stresses which obtain at any section for dead- 
and live-loads. 


(c) In proportioning the component parts of the structure for the 
maximum combined stresses, including wind stresses, the unit stresses 
shall not exceed the allowable stresses for combined live- and dead-loads 
provided in Sections 305, 306 and 1110 by more than one-third. The 
structural members and their connections shall be so proportioned as to 
provide suitable rigidity of structure. 


CHAPTER 7—FLEXURAL COMPUTATIONS 

700 

Delete terms and definitions: A, B, e4, eg, F4A, FeaB, Fa, Fp, Ka, Ke, Kar, 
K pr, N, QA; VB, TA; TB, X. 

Change definition for “b” to: “‘Width of rectangular flexural member or width 
of flanges for 7’ and J sections.” 

Change definition for ‘‘b’’ to: “‘Width of web in 7 and J flexural members”’ 

Line 5, change ‘‘center’’ to “‘centroid’”’. 

In “‘l’”’ line 1, after “‘moment”’ add “and shear’. 
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700—Notation 

A = Span length between opposite supports in one direction. 

B = Span length at right angles to A. 

b = Width of rectangular beam or width of flange of T-beam. 

b’ = Width of web in beams of I or T sections. 

d = Depth from compression face of beam or slab to center of 
longitudinal tensile reinforcement; the diameter of a round 
bar or side of a square bar. 

ea = Factor modifying r4, used in obtaining an equivalent uniform 
load for bending moments on span A. 
és = Factor modifying rz, used in obtaining an equivalent uniform 
; load for bending moments on span B. 

E = The modulus of elasticity of concrete in compression. 

F,A = The distance between lines of inflection in span A, consider- 

ing span A only to be loaded. 

F,B = The distance between lines of inflection in span B, consider- 
ing span B only to be loaded. 
F, = Ratio of the distance between assumed inflections points of 
the span A to span A in an isolated strip extending the entire 
width of the structure when a uniformly distributed load is 
applied to span A only. 
4 Fz = Ratio as defined above, but applying to span B. 
; h = Unsupported length of a column. 

I = Moment of inertia of a section about the neutral axis for 
bending. 

K = The stiffness factor, that is, the moment of inertia divided 
by the span. 

K, = Stiffness factor = for span A of panel AB. 
ss I 
Kz = Stiffness factor 3 for span B of panel AB. 
Kar = Stiffness factors for any span adjacent to and continuous 
with span A. 
Kzr = Stiffness factors for any span adjacent to and continuous 
with span B. 
1 = Span length of slab or beam. 
l’ = Clear span for positive moment and the average of the two 
; adjacent clear spans for negative moment (See Section 701). 
. N = The sum of the lengths of those edges of panel AB which 
are also edges of adjacent panels continuous with AB. 
} ga = 6ra4 (1 — 4). 


qB 


6Orp (1 ~— €p). 





oOo. ™m 


b 


rd 











PROPOSED REVISION OF BUILDING REGULATIONS 423 


r4 = Proportion of the total load carried by span A of slab. 

rp = Proportion of the total load carried by span B of slab. 

t; = Minimum total thickness of slab. 

w = Uniformly distributed load per unit of length of beam or 
per unit area of slab. 

x = Distance from face of support to point in span. 


701—General requirements 


(a) All members of frames or continuous construction shall be de- 
signed to resist at all sections the maximum moments and shears pro- 
duced by dead load, live load and wind load, as determined by the theory 
of elastic frames in which the simplified assumptions of Section 702 may 
be used. 


(b) Approximate methods of frame analysis are satisfactory for 
buildings of usual types of construction, spans and story heights. 


(c) In the case of two or more approximately equal spans (the larger 
of two adjacent spans not exceeding the shorter by more than 20 per 
cent) with loads uniformly distributed, where the unit live load does 
not exceed three times the unit dead load, design for the following 
moments and shears is satisfactory: 


Positive moment at center of span 


% ] > 
ON. 2 5 a hate oe Can ee ee micek eaae 5 Makaalowialtyln haa eal — wl’? 
14 
° ‘ ] 49 
NINN MENON G:. ©» a) u6- 3 se 37S wh dak a i ies & ees een Wace ee ar a - wl’? 
16 
Negative moment at exterior face of first interior support 
tin l 2 
MCE |. | 1 k's are cquagh gue + sa mbieek ON wae wie dala eee — wl’? 
+ 
l 49 
| TIERS eee Oe eT eee nS or, ee wl’? 
10 
‘ , me l Pm 
Negative moment at other faces of interior supports - wl’? 
11 
Negative moment at face of all supports for, (a) slabs with spans 
not exceeding ten feet, and (b) beams and girders where ratio 
of sum of column stiffnesses to beam stiffness exceeds eight 
l 2 
— wl’? 
12 
, : ' wl’ 
Shear in end members at first interior support 1.156 — 
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Shear at other supports aad 
9 


- 


702— 
(e) After sub-paragraphs 1, 2 and 3, add ‘(Use b instead of b’ for rectangular 

flexural members. )”’ 
702—Conditions of design* 
(a) Arrangement of Live Load 

1. The live load may be considered to be applied only to the floor 
under consideration, and the far ends of the columns may be assumed 
as fixed. 

2. Consideration may be limited to combinations of dead load on 
all spans with full live load on two adjacent spans and with full live 
load on alternate spans. 


(b) Span length 

1. The span length, /, of members that are not built integrally with 
their supports shall be the clear span plus the depth of the slab or beam 
but shall not exceed the distance between centers of supports. 

2. In analysis of continuous frames, center to center distances, | and 
h, may be used in the determination of moments. Moments at faces 
of supports may be used for design of beams and girders. 

3. Solid or ribbed slabs with clear spans of not more than ten feet 
that are built integrally with their supports may be designed as con- 
tinuous slabs on knife edge supports with spans equal to the clear spans 
of the slab and the width of beams otherwise neglected. 


(c) Stiffness 

1. The stiffness, K, of a member is defined as EI divided by I or h. 

2. In computing the value of J of slabs, beams, girders, and columns, 
the reinforcement may be neglected. In T-shaped sections allowance 
shall be made for the effect of flange. 

3. Any reasonable assumption may be adopted as to relative stiffness 
of columns and of floor system. The assumption made shall be consistent 
throughout the analysis. 


(d) Haunched Floor Members 

1. When members are widened near the supports, the additional 
width may be neglected in computing moments, but may be considered 
as resisting the resulting moments and shears. 

2. When members are deepened near the supports, they may be 
analyzed as members of constant depth provided the minimum depth 
only is considered as resisting the resulting moments; otherwise an 


*Chapter 7 deals with floor members only. For moments in columns see Section 1108. 
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analysis taking into account the variation in depth is required. In any 
ease, the actual depth may be considered as resisting shear. 
(e) Limitations 

1. Wherever at any section positive reinforcement is indicated by 
analysis, the amount provided shall be not less than .005 b’d except in 
slabs of uniform thickness. 

2. Not less than 0.005 b’d of negative reinforcement shall be provided 
at the outer end of all members built integrally with their supports. 

3. Where analysis indicates negative reinforcement along the full 
length of a span, the reinforcement need not be extended beyond the 
point where the required amount is 0.0025 b’d or less. 

4. In slabs of uniform thickness the minimum amount of reinforce- 
ment in the direction of the span shall be: 

For structural, intermediate and hard grades and rail steel. .0.0025 bd 

For steel having a minimum yield point of 56,000 p. s. i..... 0.002 bd 


703—Depth of beam or slab 


(a) The depth of the beam or slab shall be taken as the distance 
from the centroid of the tensile reinforcement to the compression face 
of the structural members. Any floor finish not placed monolithically 
with the floor slab shall not be included as a part of the structural mem- 
ber. When the finish is placed monolithically with the structural slab 
in buildings of the warehouse or industrial class, there shall be placed 
an additional depth of one-half inch over that required by the design 
of the member. 


704—Distance between lateral supports 

(a) The clear distance between lateral supports of a beam shall not 
exceed thirty-two times the least width of compression flange. 

705 


(c) Line 5, after ‘“T-beam” add, “The flange shall be assumed to act as a 
cantilever’’. 
Line 5, change “assumed as”’ to “required for’’. 


705—Requirements for T-beams 


(a) In T-beam construction the slab and beam shall be built in- 
tegrally or otherwise effectively bonded together. The effective flange 
width to be used in the design of symmetrical T-beams shall not exceed 
one-fourth of the span length of the beam, and its overhanging width 
on either side of the web shall not exceed eight times the thickness of 
the slab nor one-half the clear distance to the next beam. 

(b) For beams having a flange on one side only, the effective over- 
hanging flange width shall not exceed one-twelfth of the span length of 
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the beam, nor six times the thickness of the slab, nor one-half the clear 
distance to the next beam. 

(c) Where the principal reinforcement in a slab which is considered 
as the flange of a T-beam (not a joist in concrete joist floors) is parallel 
to the beam, transverse reinforcement shall be provided in the top of 
the slab. This reinforcement shall be designed to carry the load on the 
portion of the slab assumed as the flange of the T-beam. The spacing 
of the bars shall not exceed five times the thickness of the flange, nor in 
any case eighteen inches. 

(d) Provision shall be made for the compressive stress at the support 
in continuous T-beam construction, care being taken that the provisions 
of Section 505 relating to the spacing of bars, and 404(d), relating to 
the placing of concrete shall be fully met. 

(e) The overhanging portion of the flange of the beam shall not be 
considered as effective in computing the shear and diagonal tension 
resistance of T-beams. 

(f) Isolated beams in which the T-form is used only for the purpose 
of providing additional compression area, shall have a flange thickness 
not less than one-half the width of the web and a total flange width not 
more than four times the web thickness. 


706—Compression steel in flexural members 

(a) Compression steel in beams, girders, or slabs shall be anchored 
by ties or stirrups not less than 44 inch in diameter spaced not farther 
apart than 16 bar diameters, or 48 tie diameters. Such stirrups or ties 
shall be used throughout the distance where the compression steel is 
required. 

(b) The effectiveness of compression reinforcement in resisting bend- 
ing may be taken at twice the value indicated from the calculations 
assuming a straight-line relation between stress and strain and the 
modular ratio given in Section 601, but not of greater value than the 
allowable stress in tension. 


707—Shrinkage and temperature reinforcement 

(a) Reinforcement for shrinkage and temperature stresses normal ‘to 
the principal reinforcement shall be provided in floor and roof slabs 
where the principal reinforcement extends in one direction only. Such 
reinforcement shall provide for the following minimum ratios of rein- 
forcement area to concrete bd, but in no case shall such reinforcing bars 
be placed farther apart than five times the slab thickness nor more than 
eighteen inches: 


Floor slabs where plain bars are used.................... 0.0025 
Floor slabs where deformed bars are used......... 


Laie vais 0.002 
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Floor slabs where wire fabric is used, having welded inter- 
sections not farther apart in the direction of stress than 


I ais ia ak oh.t Sun b <4 Vn oo laea da bene bees ... 0.0018 
Roof slabs where plain bars are used... ............... . 0.003 
Roof slabs where deformed bars are used................. 0.0025 
Roof slabs where wire fabric is used, having welded inter- 

sections not farther apart in the direction of stress than 

twelve inches. . okies ne axes 5 We nce bik, pCOaed ie obiiest se ilu 


708 


(c) Change second sentence to “Shrinkage reinforcement shall be provided 
in the slab at right angles to the joists as required in Section 707, substituting 4, 
(total thickness of slab) for d’’. 

(d) Change second sentence to “Such slab shall be reinforced at right angles 
to the joists with a minimum of at least the amount of reinforcement required for 
flexure giving due consideration to concentrations, if any, but in no case shall the 
reinforcement be less than that required by Section 707, considering ft; as the full 
thickness of the slab’. 

Add paragraph: (g) Shrinkage reinforcement shall not be required in the slab 
parallel to the joists’. 


708—Concrete joist floor construction 

(a) Concrete joist floor construction consists of concrete joists and 
slabs placed monolithically with or without burned clay or concrete 
tile fillers. The joists shall not be farther apart than thirty inches face 
to face. The ribs shall be straight, not less than four inches wide, nor 
of a depth more than three times the width. 

(b) When burned clay or concrete tile fillers, of material having a 
unit compressive strength at least equal to that of the designed strength 
of the concrete in the joists are used, and the fillers are so placed that the 
joints in alternate rows are staggered, the vertical shells of the fillers 
in contact with the joists may be included in the calculations involving 
shear or negative bending moment. No other portion of the fillers may 
be included in the design calculations. 

(c) The concrete slab over the fillers shall be not less than one and 
one-half inches in thickness, nor less in thickness than one-twelfth of 
the clear distance between joists. Shrinkage reinforcement in the slab 
shall be provided as required in Section 707. 

(d) Where removable forms or fillers not complying with (b) are used, 
the thickness of the concrete slab shall not be less than one-twelfth of 
the clear distance between joists and in no case less than two inches. 
Such slab shall be reinforced at right angles to the joists with a minimum 
of .049 sq. in. of reinforcing steel per foot of width, and in slabs on which 
the prescribed live loads does not exceed fifty lb. per sq. ft., no additional 
reinforcement shall be required. 
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(e) When the finish used as a wearing surface is placed monolithically 
with the structural slab in buildings of the warehouse or industrial class, 
the thickness of the concrete over the fillers shall be one-half inch greater 
than the thickness used for design purposes. 


(f) Where the slab contains conduits or pipes, the thickness shall not 
be less than one inch plus the total over-all depth of such conduits or 
pipes at any point. Such conduits or pipes shall be so located as not 
to impair the strength of the construction. 


709— 

Title, change ‘‘(1) (2)” to “**”. 

Change entire section to: 

(a) This construction, consisting of floors reinforced in two directions and 
supported on four sides, includes solid reinforced concrete slabs; concrete joists 
with fillers of hollow concrete units or clay title, with or without concrete top 
slabs; and concrete joists with top slabs placed monolithically with the joists. 
The slab shall be supported by walls or beams on all sides and if not securely 
attached to supports, shall be reinforced as specified in 709(b). 

(b) Where the slab is not securely attached to the supporting beams or walls, 
special reinforcement shall be provided at exterior corners in both the bottom 
and top of the slab. This reinforcement shall be provided for a distance in each 
direction from the corner equal to 1/5 the longest span. The reinforcement in the 
top of the slab shall be parallel to the diagonal from the corner. The reinforce- 
ment in the bottom of the slab shall be at right angles to the diagonal or may be 
of bars in two directions parallel to the sides of the slab. The reinforcement in 
each band shall be of equivalent size and spacing to that required for the maximum 
positive moment in the slab. 

(c) The slab and its supports shall be designed by approved methods which 
shall take into account the effect of continuity at supports, the ratio of length 
to width of slab and the effect of two-way action. 

(d) In no case shall the slab thickness be less than 4 in. nor less than the per- 
imeter of the slab divided by 180. The spacing of reinforcement shall be not more 
than 3 times the slab thickness and the ratio of reinforcement shall be at least 
0.0025. 

Change footnote ‘‘(1) (2)” to 


*The requirements of this section are satisfied by either of the following methods of design: 


METHOD 1 
Notation— 


L = Length of clear span 
In = Length of clear span in the direction normal to L 
g = Ratio of span between lines of inflection to L in the direction of span L, when span L 
only is loaded. 
a = Ratio of span between lines of inflection to Li in the direction of span Li, when span Lr 
only is loaded. 
gL 


alr 

w = Total uniform load per aq. ft. 

W = Total uniform load Seteeen opposite supports on slab strip of any width or total slab 
load on beam when considered as one-way construction. 

z = Ratio of distance from support to any section of slab or beam, to span L or Li. 

C = Factor modifying bending moments prescribed for one-way construction for use in pro- 
portioning ¢ the slabs and beams in the direction of L of slabs supported on four sides. 

CG = tio of the shear at any section of a slab strip distant zL from the support to the total 
load W on the strip in direction of L. 

Cy = Ratio of the shear at any section of a beam distant zl from the support to the total load 
W on the beam in the direction of L. 


(Revised footnote continued p. 429) 
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d code footnote, sec. 709 continued from p. 428). 

Bending moment coefficient for one-way construction 
1, Ci, Cat, Cot, are corresponding values of W, C, Cs, Co, for slab strip or beam in direction of L;. 
ines of inflection for determination of r—The lines of inflection shall be determined by elastic 
analysis of the continuous structure in each direction, when only the span under considera- 
tion is loaded. 

When the span L or Li is at least 2/3 and at most 3/2 of the adjacent continuous span or 
spans, the online of yg or g: may be taken as 0.87 for exterior spans and 0.76 for interior 
spans. (See Fig. 1). 

For spans discontinuous at both ends, g or gi shall be taken as unity. 
ending moments and shear—Bending moments shall be determined in each direction with the 
coefficients prescribed for one-way construction in Sections 701 and 702 and modified by 
factor C or Ci from Tables 1 or 2. 


TABLE 1—SLABS 


429 





Upper figure Ce C 
Lower figure Cn C1 
1 Values of z 
r r 0.0 l | } 4 
0.00 | .50 40 .30 .20 10 00 
a 00 00 .00 | 00 00 | 00 
| | | 
5 | oe | .36 .27 = 09 89 
} 2.00 | 06 | 03 02 } OO 00 | 06 
' | i 
55 | | 43 | .33 | .23 |} «15 07 | .79 
| 1.82 | 07 04 02 | 01 00 | 08 
| | 
60 aa tar | .20 12 05 .70 
1.67 09 O05 .03 O01 00 10 
65 | 39 28 18 ;. 04 1, Oe 
1.54 lM 06 03 O1 OO | 13 
70 | 37 | 26 16 | 09 03 58 
1.43 | 13 Os 04 | Ol 00 } 15 
BO 33 22 13 | 07 02 4s 
1.25 17 10 06 | 02 00 } 21 
00 | 29 10 11 O5 | 40 
1.11 21 13 O7 03 O01 27 
1.00 25 16 | oo 04 ol 33 
1.00 25 16 09 04 Ol 33 
1.10 21 13 .O7 03 Ol 28 
OI 20) 19 ona OS Ol Bit) 
1.20 18 11 06 02 00 3 
os $2 21 13 06 02 5 
1.40 16 10 OS 02 00 10 
77 +4 23 14 07 03 51 
1.40 13 OS 04 02 OO 16 
71 37 25 16 09 03 57 
1.50 11 07 04 ol OO 14 
67 a) 27 17 10 O4 61 
1.0 10 On OS Ol OO 12 
4 te) 20 0 a OS oo 
LO 07 O4 O2 01 OO Os 
fb 1% 33 23 15 07 70 
2.00 O68 OS O2 Of oo on 
A) i4 36 7 18 ov xO 
OO (") on on Oo Oo 
0.00 0) 0 w) 20 10 1.00 


Revised footnote continued p 


,30) 
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(Revised code footnote, sec. 709, continued from p. 429) 


In Li Direction 


B.M. for slab strip M CBWL Mi Ci BWilh 

B.M. for beam M (1-C)BWL Mi (1-C;:) BWily 

When the coefficients prescribed in 701(c) are used, the average value of Cw or Cw for the 
two spans adjacent to a support shall be used in determining the negative bending moment 
at the face of the support. 

The shear at any section distant zL or zL; from supports shall be determined by modifying 
the total load on the slab strip or beam by the factors Cs, Cai, Co or Co; taken from Tables 1 
or 2. 


In L Direction 


uit 


In L Direction 
Shear for Slab Strip V WwW Vi = CaWi 
Shear for Beam V = COW Vi = CorWi 
For spans where the end moments are unbalanced, shear values at any section shall be 
adjusted in accordance with Sections 701 and 702. 


In Li Direction 


















































































































































(c) Arrangement of reinforcement: 
1. In any panel, the area of reinforcement per unit width in the long direction shall be at 
least one-third that provided in the short direction. 
2. The area of positive moment reinforcement adjacent to a continuous edge only and 
for a width not exceeding one-fourth of the shorter dimension of the panel may be reduced 
25 per cent. 
3. Ata non-continuous edge the area of negative moment reinforcement per unit width 
shall be at least one-half of that required for maximum positive moment. 
N\ 
L . 
se : When Lor Li is at least */s or at most 
t zs ¥% of the adjacent continuous span or 
=| | iq > > spans, obtain rorn from cases | toG. 
°) Sa a Beyond these limits, compute ganda, 
aT « by elastic analysis when only the span 
a under consideration is loaded. 
\v 
r= L 
Gili 
General 
L L L 
Oo} -lu Oo 4 al 
— ol es - all _ 
_ a a 2 “|e | 2! ae 
~ " 
100 j * 87 é | 76 | c 
i .B7L -16L 
elt. ©) ae ne 
L 4 Mr 
3|4 L ale ss 
© u 
om - . —+——|- - 
. © an ie) © 3|3 sj! © Los 
ee 
" iz ‘ @ iw = 
Ah / c A & 
vw y 
aie 8 re T@L ,.87L a eR 
BT L; 1 1 1 6 L; Li 
Fig. 1 


(Revised footnote continued p. 431) 
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TABLE 2—BEAMS 


Upper figure C» 1-C 
Lower figure Cn 1-C\ 
1 Values of x 
r | r | 0.0 a 2 o 4 
0.00 | 00 00 } .00 00 00 | 00 
x 50 | 40 .30 .20 .10 | 1.00 
50 06 .04 .03 | .02 01 ll 
2.00 44 37 28 .20 .10 04 
55 07 07 07 05 i> 66 .21 
1.82 43 36 -28 19 10 .92 
.60 09 .10 .10 .OS 05 30 
1.67 41 35 .27 19 10 .90 
65 | 11 12 12 .10 06 36 
1.54 39 34 27 19 10 87 
.70 13 14 14 ll 07 42 
1.43 37 32 .26 19 10 85 
80 17 18 mb 1 13 OS 2 
1.25 33 30 24 18 10 79 
.90 21 21 19 15 | 09 60 
1.11 .29 .27 .23 17 .09 .73 
1.00 .25 .24 21 16 .09 67 
1.00 .25 24 21 ' 16 09 .67 
1.10 .29 | = 17 |} .09 .72 
91 21 21 19 15 | .09 61 
1.20 -o2 -29 24 -18 -10 77 
83 18 19 aaa 14 OS 55 
1.30 $4 30 .25 .18 10 81 
77 16 17 .16 13 .O7 49 
1.40 37 .32 26 18 10 84 
A 13 15 14 ll .O7 | 43 
1.50 39 $3 -26 19 10 86 
67 11 13 13 .10 06 39 
1.60 40 34 27 .19 -10 88 
63 10 11 11 .09 | 05 34 
1.80 43 $6 28 .19 | .10 92 
55 O7 OF 07 .O5 03 21 
2.00 44 37 28 .20 10 04 
50 O68 04 03 02 Ol Ee 
0 40 30 .20 | 10 1.00 
0.00 00 00 .00 00 00 00 
METHOD 2 
Notation 
C Moment coefficient for two-way slabs as given in Table 3 
m Ratio of short span to long span for two-way slabs 
Ss Length of short span for two-way slabs 


The span shall be considered as the center-to-center distance between supports or the 
clear span plus twice the thickness of slab, whichever value is the smaller 


u Total uniform load per sq. ft. 
(a) Limitations—A two-way slab shall be considered as consisting of strips in each direction as 
follows: 


A middle strip one-half panel in width, symmetrical about panel center line and 
extending through the panel in the direction in which moments are considered. 

A column strip one-half panel in width, occupying the two quarter-panel areas out- 
side the middle strip. 


(Revised footnote concluded p. 432) 
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(Revised footnote, sec. 709, concluded) 


TABLE 3—MOMENT COEFFICIENTS 


i am _ — 




































































® | ‘ . 
Short span ti 
4 | Long 3] 
y Moments Values of m span, 5 
a -| all . 
: 10 | 09 08 | 07 06 | 0.5 values Ww 
d xy am and leas € of dieoalll nv 
Case 1—Interior panels 4 I 
Negative moment at— | » 
ontinuous edge .033 .040 .048 .055 .063 083 | .033 ‘ 
Discontinuous edge _ ~—— | — | — | — | — | — . et 
Positive moment at midspan .025 -030 .036 .041 .O47 -062 .025 
Case 2—One edge discontinuous ‘Saye 
Negative moment at— 
ontinuous edge 041 -048 055 -062 069 085 O41 
Discontinuous edge — .021 .024 .027 .031 .035 .042 .021 be 
; Positive moment at midspan 031 036 041 -047 052 064 031 
a Case 3—Two edges discontinuous F ie aw 
' Negative moment at— 
‘ontinuous edge .049 .057 .064 .071 .078 .090 .049 
Discontinuous edge .025 -028 -032 .036 .039 .045 .025 
Positive moment at midspan .037 .043 .048 .054 .059 .068 .037 
Case 4—Three edges discontinuous ie 
Negative moment at— 
Continuous edge .058 .066 .074 .O82 .090 .098 .058 f 
Discontinuous edge .029 .033 .037 041 .045 .049 .029 e 
Positive moment at midspan .044 .050 .056 .062 .068 .074 044 al 
Case 5—Four edges discontinuous : : 
Negative moment at— 
y, Continuous edge — ao _— — — —— . 
; Discontinuous edge | 033 | .038 | .043 | 047 | .053 | .055 | .033 Fo 
‘ Positive moment at midspan 050 | .057 | .064 | .072 | .080 | .083 | .050 | 
i a ES Le . ee U ae tae J >. aw . sec 
‘ { 
Where the ratio of short to long span is less than 0.5 the middle strip in the short direction ay 
shall be considered as having a width equal to the difference between the long and short En 
span, the remaining area representing the two column strips. 
The critical sections for moment calculations are referred to as principal design sections 


and are located as follows: 
For negative moment, along the edges of the panel at the faces of the supporting 
ms. Int 
For positive moment, along the center lines of the panels. 


(b) Bending Moments—The bending moments for the middle strips shall be computed from the 


formula 
a M = CuwS*? 
: The average moments per foot of width in the column strip shall be two-thirds of the cor- 
4 responding moments in the middle strip. In determining the spacing of the reinforcement dif 
; in the column strip, the moment may be assumed to vary from a maximum at the edge of the tin 
: middle strip to a minimum at the edge of the panel. otl 
Where the negative moment on one side of a support is less than 80 per cent of that on the ’ 


other side, two-thirds of the difference shall be distributed in proportion to the relative 
stiffnesses of the slabs. 


: (c) Shear—The shearing stresses in the slab may be computed on the assumption that the load is 
distributed to the supports in accordance with (d). 


(d) Supporting Beams—The loads on the supporting beams for a two-way rec tangular panel may 

’ be assumed as the load within the tributary areas of the panel bounded by the intersection 

ia of 45-degree lines from the corners with the median line of the panel parallel to the long side. 

: The bending moments may be determined approximately by using an equivalent uniform 
load per lineal foot of beam for each panel supported as follows: 

For the short span, “ - 


in i 
: . wS (3-m?) 5 
For the long span, - ~ pete 
and 
qd 
V 


ea \ 
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709—Floors with supports on four sides (') (*) 

(a) This construction, consisting of floors reinforced in two direc- 
tions and supported on four sides, includes solid reinforced concrete 
slabs; concrete joists with burned clay or concrete tile fillers, with or 
without concrete top slabs; and concrete joists with top slabs placed 
monolithically with the joists. The supports for the floor slabs may 
be walls, reinforced concrete beams, or steel beams fully encased in 
concrete. 

(b) Minimum Slab Thickness 

The slab thickness shall satisfy prescribed working stresses and shall 
be not less than 4 inches nor less than 


t, = AE eS oi a ee eee (2) 
72 


(c) Bending Moments and Shears 

The bending moment at any section shall be determined with co- 
efficients derived as prescribed for one-way construction (Sections 701 
and 702), using the following equivalent load per unit length of span 
considered: 


Footnotes: 


(1) For comparative use the moment of inertia of a slab shall be taken as that of the total plain concrete 
section. 

(2) Formulas for Fa, Fs, ea, es, ra, re. (See “Slabs Supported on Four Sides’’ by J. DiStasio and M. I 
van Buren, JourNAL of the A. C. L., January-February, 1936). 


End Span, continuous at one end only 


0.25 
Fa =1- —r ae ..(7) 
, 7Ka F 
SKar 
Interior continuous span with Kae the same for both adjacent spans continuous with A 
_ 
Fa = i-— - =" ° ce (Ss 
7Ka ) 


\ 1.5 + SKuar 
For interior spans where the spans adjacent to and in continuation of the span A under consideration 
differ in stiffness, for Fa use the average of the two values, one obtained using Kar for the span in con- 
tinuation on one end of the span A, and the other obtained by using the value of Kar for the span at the 
other end. 
To obtain Fs replace Ka with Ks and Kar with Kar. 


1 1 9) 
r : = 1—rep (: 
. , F =) 
FeB 
9 9 
eA = = (10a) eB = = ‘ 0 
De aa 1 ad ae 
FaA FeB 
FeB 2 FeA 
ea = 1.0 for Pad = 2 €B 0.5, as PaB = 0 
The total load carried by a strip of slab of unit width, span A, equals rawA and is considered to vary 
in intensity from raw (3ea — 2) at the center of the span, to raw (4 — 3 ea) at the supports. 
The total load carried by a beam of span A, one-half panel tributary width, equals 
wBA 
(-—ra)—— . ....(1) 
. ; wB 
and varies uniformly in intensity from (1 + 2ra — 3ear4)—,- at the center of the span to 
B 
a tra + 3eara)— > at the supports. 


When considering the B spans use the above expressions, replacing A with B, B with A, ra with rs, and 
ea with ep. 


(Footnote (2) continued next page) 
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Slab: Strip of unit width, span A, 
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Beam: Span A, carrying one half of load from panel width B, 


B 


— (1 — egra)w 


2 


The shear at any section at a distance z from the face of the support 


shall be taken as: 


Slab: Strip of unit width, span A, 


($=) (.- 





Beam: Span A, carrying one half of load from panel, width B, 


(Footnote (2) continued from previous page. 


The values given in the table are for F4 directly. 


Ka/Kap is replaced by Kz/Kzar. 


TABLE 1—F,4 AND Fz 
They are also the values for Fz when the designation 


























a 
Span A | pag | 0.00 
Interior*. . Fa = | 0.58 
| 
ee | Fa = | 0.75 
Simple. .. + Fa = | 1.00 




















1.00 | 4.00 | 0.« 
| 

0.83 | 0.89 | 1.00. 

0.91 | 0.95 | 1.00 

1.00 | 1.00 | 1.00 


} U 





*For interior spans where the spans adjacent to and in continuation of the span 
differ in stiffness, for F4 use the average of the two values, one obtained using K 


A under consideration 
4k for the span in con- 


tinuation on one end of the span A, and the other obtained by using the value of Kz for the span at the 


other end. 


For values of K4/Karz between 2/3 and 3/2 the values of F4 may be taken as 0.76 for interior spans and 


0.87 for end spans. 


The value of e4 or ez shall be taken as unity for the computation of shear and bending moment in slabs 
and beams where the span in direction under consideration is not rigidly attached to the supports at one 


or both ends of the span. 
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1 — era 6ra (1 — e4) 


0.00 
0.00 
0.41 
0.69 
0.89 
0.98 
1.07 
1.08 
1.00 
0.90 
0.82 
0.71 
0.63 
0.55 
0.49 
0.38 
0.28 
0.11 
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For span B, use the above expressions substituting A for B, B for 

A, ep for ea, ra for rg, and qpz for qa. 

The factors e€4, ra, etc., may be taken from Table 2, footnote (2) below 
after the ratio F4A/F 2B or F,B/F,4A on which they depend has been 
determined by the aid of Table 1, footnote (2); or the several factors 
may be computed from the formulas which appear in the footnote (2). 


(d) Arrangement of Reinforcement 


1. In any panel, the reinforcement per unit width in the long 
direction shall be at least one-third of that provided in the short 
direction. 


2. The positive moment reinforcement adjacent to a continuous 
edge only and for a width not exceeding one-fourth of the shorter 
dimension of the panel may be reduced twenty-five per cent. 


3. At a non-continuous edge negative moment reinforcement 
per unit width in amount at least as great as one-half of that re- 
quired for maximum positive moment for the center one-half of 
the panel shall be provided across the entire width of the exterior 
support. 

4. The spacing of the reinforcement shell be not more than three 
times the slab thickness and the ratio of reinforcement shall be at 
least 0.0025. 


710—Maximum spacing of principal slab reinforcement 


(a) In slabs other than concrete joist floor construction or flat slabs, 
the principal reinforcement shall not be spaced farther apart than three 
times the slab thickness, nor shall the ratio of reinforcement be less 
than specified in Section 707 (a). 


CHAPTER 8—SHEAR AND DIAGONAL TENSION 


800— 
Change definition for “b” to: ‘Width of rectangular flexural member or 


’ 


width of flanges for T and I sections’’. 
Change definition for ‘b’” to: ‘Width of web in T and I flexural members’’. 
Line 8, change “‘center”’ to ‘‘centroid’’. 
Line 10, delete “ultimate’’; capitalize ‘‘C”’ in “Compressive.” 


800—Notation 
A, = Total area of web reinforcement in tension within a distance 
of s (measured in a direction parallel to that of the main 
reinforcement), or the total area of all bars bent up in any 
one plane. 
a = Angle between inclined web bars and axis of beam. 
Width of rectangular beam or width of flange of T-beam. 


— 
~ 
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-b’ = Width of web in beams of I or T sections. 
d = Depth from compression face of beam or slab to center of 
4 longitudinal tensile reinforcement. 
q f’. = Ultimate compressive strength of concrete at age of 28 days 
, unless otherwise specified. 
f, = Tensile unit stress in web reinforcement. 
j = Ratio of distance between centroid of compression and cen- 
troid of tension to the depth d. 
s = Spacing of stirrups or of bent bars in a direction parallel to 
that of the main reinforcement. 
‘ te = Thickness of flat slab without drop panels, or the thickness 
/ of flat slab through the drop panels where such are used. 
ts = Thickness of flat slab (with drop panels) at points outside 
the drop panel. 
v = Shearing unit stress. 
V = Total shear. 
V’ = Excess of the total shear over that permitted on the concrete. 
4 801—Shearing unit stress 


(a) The shearing unit stress v, as a measure of diagonal tension, 
in reinforced concrete flexural members shall be computed by formula 


(12): 
- 
v= tA sy aia Sonn, Di aaa aia Wibs Sede a paretbe ew Kwace we ea Gs we’ (12) 
bjd 
(b) For beams of I or T section, b’ shall be substituted for b in formula 
(12). 


(c) In concrete joist floor construction, where burned clay or con- 
crete tile are used, b’ may be taken as a width equal to the thickness of 
the concrete web plus the thicknesses of the vertical shells of the con- 
crete or burned clay tile in contact with the joist as in Section 708(b). 

(d) When the value of the shearing unit stress computed by formula 
(12) exceeds the shearing unit stress v, permitted on the concrete of an 
unreinforced web (see Section 305), web reinforcement shall be provided 
to carry the excess. 


802—Types of web reinforcement 
(a) Web reinforcement may consist of: 


1. Stirrups or web reinforcement bars perpendicular to the 
longitudinal steel. 


2. Stirrups or web reinforcement bars welded or otherwise 
rigidly attached to the longitudinal steel and making an angle of 
30 degrees or more thereto. 








ry) 


b 
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3. Longitudinal bars bent so that the axis of the inclined portion 
of the bar makes an angle of 15 degrees or more with the axis of the 
longitudinal portion of the bar. 

4. Special arrangements of bars with adequate provisions to 
prevent slip of bars or splitting of the concrete by the reinforcement 
(See Section 804(f)). 

(b) Stirrups or other bars to be considered effective as web reinforce- 
ment shall be anchored at both ends, according to the provisions of 
Section 904. 


803—Stirrups 
(a) The area of steel required in stirrups placed perpendicular to 
the longitudinal reinforcement shall be computed by formula (13). 


= be Fe an ea TY Sick ¢ serch ean bes cel gee (13) 
f.jd 


(b) Inclined stirrups shall be proportioned by formula (15) (Section 
804(d).) 

(c) Stirrups placed perpendicular to the longitudinal reinforcement 
shall not be used alone as web reinforcement when the shearing unit 
stress (v) exceeds 0.08f".. 

804 

(e) Line 1, change “two’’ to “three’’. 
804—Bent bars 

(a) When the web reinforcement consists of a single bent bar or of a 
single group of bent bars the required area of such bars shall be computed 
by formula (14). 


TPA coe Smee aan aker th 2 eb? he. (14) 
f, Sin @ 
(b) In formula (14) V’ shall not exceed 0.040 f’. bjd. 


(c) Only the center three-fourths of the inclined portion of such 
bar, or group of bars, shall be considered effective as web reinforcement. 
(d) Where there is a series of parallel bent bars, the required area 
shall be determined by formula (15). 
V's 
fi. jd (sin a + cos a) 
(e) When bent bars, having a radius of bend of not more than two 
times the diameter of the bar are used alone as web reinforcement, 
the allowable shearing unit stress shall not exceed 0.060 f’... This shear- 
ing unit stress may be increased at the rate of 0.01 f’. for each increase 
of four bar diameters in the radius of bend until the maximum allowable 
shearing unit stress is reached. (See Section 305(a).) 


noah dey aha hk bash sie Ale kee boars aera (15) 
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(f) The shearing unit stress permitted when special arrangements of 
bars are employed shall be that determined by making comparative 
tests, to destruction, of specimens of the proposed system and of similar 
specimens reinforced in conformity with the provisions of this code, the 
same factor of safety being applied in both cases. 


805—Combined web reinforcement 


(a) Where more than one type of reinforcement is used to reinforce 
the same portion of the web, the total shearing resistance of this portion 
of the web shall be assumed as the sum of the shearing resistances com- 
puted for the various types separately. In such computations the shear- 
ing resistance of the concrete shall be included only once, and no one 


, 


type of reinforcement shall be assumed to resist more than , 


806—Spacing of web reinforcement 


(a) Where web reinforcement is required it shall be so spaced that 
every 45 degree line (representing a potential crack) extending from 
the mid-depth of the beam to the longitudinal tension bars shall be 
crossed by at least one line of web reinforcement. If a shearing unit 
stress in excess of 0.06 f’. is used, every such line shall be crossed by at 
least two such lines of web reinforcement. 


807—Shearing stress in flat slabs 


(a) In flat slabs, the shearing unit stress on a vertical section which 
lies at a distance tz — 1% in. beyond the edge of the column capital 
and parallel or concentric with it, shall not exceed the following values 
when computed by formula (12) (in which d shall be taken as t,—114 in.): 


1. 0.03 f’., when at least 50 per cent of the total negative re- 
inforcement in the column strip passes directly over the column 
capital. 


2. 0.025 f’., when 25 per cent or less of the total negative rein- 
forcement in the column strip passes directly over the column 
capital. 


3. For intermediate percentages, intermediate values of the 
shearing unit stress shall be used. 


(b) In flat slabs, the shearing unit stress on a vertical section which 
lies at a distance of t; — 11% in. beyond the edge of the drop panel and 
parallei with it shall not exceed 0.03 f’, when computed by formula (12) 
(in which d shall be taken as t; — 14% in.). At least 50 per cent of the 
cross-sectional area of the negative reinforcement in the column strip 
must be within the width of strip directly above the drop panel. 
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808—Shear and diagonal tension in footings 

(a) In isolated footings the shearing unit stress computed by formula 
(12) on the critical section (see 1205(a)), shall not exceed 0.03 f’., nor in 
any case shall it exceed 75 p.s.i. 


CHAPTER 9—BOND AND ANCHORAGE 


900- 
Line 1, change ‘‘center’’ to ‘‘centroid’’. 
Line 3, delete “ultimate’’; capitalize “C’’ in “compressive.” 


900—Notation 
d = Depth from compression face of beam or slab to center of 
longitudinal tensile reinforcement. 
f’. = Ultimate compressive strength of concrete at age of 28 days 
unless otherwise specified. 
j = Ratio of distance between centroid of compression and cen- 
troid of tension to the depth d. 
Lo = Sum of perimeters of bars in one set. 
u = Bond stress per unit of surface area of bar. 


_ 
. 
II 


Total shear. 


901—Computation of bond stress in beams 


(a) In flexural members in which the tensile reinforcement is parallel 
to the compression face, the bond stress at any cross section shall be 
computed by formula (16). 

SEA. Sat bicbis.odecetiua ss ahs yuo necks kh Cee (16) 
Lo jd 
in which V is the shear at that section. 

(b) Adequate end anchorage shall be provided for the tensile rein- 
forcement in all flexural members to which formula (16) does not apply, 
such as footings, brackets and other tapered or stepped beams in which 
the tensile reinforcement is not parallel to the compression face. 


902 

Change section to: 

(a) Tensile negative reinforcement in any span of a continuous, restrained 
or cantilever beam, or in any member of a rigid frame shall be adequately an- 
chored by bond, hooks or mechanical anchors in or through the supporting mem- 
ber. Within any such span every reinforcing bar, whether required for positive 
or negative reinforcement, shall be extended at least twelve diameters beyond the 
point at which it is no longer needed to resist stress. In cases where the length from 
the point of maximum tensile stress in the bar to the end of the bar is not sufficient 
to develop this maximum stress by bond alone, the bar shall be extended to such 
a point that with the addition of a standard hook (see Section 906(c)), the maxi- 
mum tensile unit stress can be developed. If preferred, the bar may be bent 
across the web at an angle of not less than 15 degrees with the longitudinal portion 









a 
tj 
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of the bar and made continuous with the reinforcement which resists moment of 
opposite sign. 

(b) Of the positive reinforcement in continuous beams not less than one- 
fourth the area shall extend along the same face of the beam into the support 
a distance of ten or more bar diameters. Where extension of the reinforcement 
into the support a distance of ten or more bar diameters is impracticable the bars 
shall be extended as far as possible into the support and terminated in standard 
hooks or other adequate anchorage. 

(c) In simple beams, or at the outer or freely supported ends of end spans of 
continuous beams, at least one-half the positive reinforcement shall extend along 
the same face of the beam into the support a distance of twelve or more bar diam- 
eters, or shall be extended as far as possible into the support and terminated in 
standard hooks. 


902—Ordinary anchorage requirements 

(a) Tensile negative reinforcement in any span of a continuous, 
restrained, or cantilever beam, or in any member of a rigid frame shall 
be adequately anchored by bond, hooks or mechanical anchors in or 
through the supporting member. Within any such span every rein- 
forcing bar shall be extended at least twelve diameters beyond the point 
at which it is no longer needed to resist stress. In cases where the length 
from the point of maximum tensile stress in the bar to the end of the 
bar is not sufficient to develop this maximum stress by bond, the bar 
shall extend into a region of compression and be anchored by means of 
a standard hook or it shall be bent across the web at an angle of not less 
than 15 degrees with the longitudinal portion of the bar and either made 
continuous with the positive reinforcement or anchored in a region of 
compression. 

(b) Of the positive reinforcement in continuous beams not less than 
one-fourth the area shall extend along the same face of the beam into 
the support a distance of ten or more bar diameters, or shall be extended 
as far as possible into the support and terminated in standard hooks, 
or other adequate anchorage. 

(c) In simple beams, or at the outer or freely supported ends of end 
spans of continuous beams, at least one-half the positive reinforcement 
shall extend along the same face of the beam into the support a distance 


of twelve or more bar diameters, or shall be extended as far as possible 


into the support and terminated in standard hooks. 


903— 
Yhange section to: 

(a) Where increased shearing or bond stresses are permitted because of the use 
of special anchorage (see Section 305), every bar except those specifically mentioned 
in Section 902(b), shall be terminated in a standard hook in a region of compres- 
sion, or shall be bent across the web at an angle of not less than 15 degrees with 
the longitudinal portion of the bar and made continuous with the reinforcement 
resisting moment of opposite sign. 








— = — - 
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903—Special anchorage requirements 

(a) Where increased shearing or bond stresses are permitted because 
of the use of special anchorage (See Section 305), every bar shall be 
terminated in a standard hook in a region of compression, or it shall be 
bent across the web at an angle of not less than 15 degrees with the 
longitudinal portion of the bar and made continuous with the negative 
or positive reinforcement. 
904—Anchorage of web reinforcement 
(a) Single separate bars used as web reinforcement shall be anchored 
at each end by one of the following methods: 

1. Welding to longitudinal reinforcement. 

2. Hooking tightly around the longitudinal reinforcement 
through 180 degrees. 

3. Embedment above or below the mid-depth of the beam on 
the compression side, a distance sufficient to develop the stress to 
which the bar will be subjected at a bond stress of not to exceed 
.04 f’., on plain bars nor .05 f’. on deformed bars. 

4. Standard hook (see Section 906(a)), considered as developing 
10,000 p.s.i., plus embedment sufficient to develop by bond the re- 
mainder of the stress to which the bar is subjected. The unit bond 
stress shall not exceed that specified in Table 305(a). The effective 
embedded length shall not be assumed to exceed the distance 
between the mid-depth of the beam and the tangent of the hook. 

(b) The extreme ends of bars forming simple U or multiple stirrups 
shall be anchored by one of the methods of Section 904(a) or shall be 
bent through an angle of at least 90 degrees tightly around a longitudinal 
reinforcing bar not less in diameter than the stirrup bar, and shall 
project beyond the bend at least twelve diameters of the stirrup bar. 

(c) The loops or closed ends of such stirrups shall be anchored by 
bending around the longitudinal reinforcement throvgh an angle of at 
least 90 degrees, or by being welded or otherwise rigidly attached thereto. 

(d) Hooking or bending stirrups or separate web reinforcement bars 
around the longitudinal reinforcement shall be considered effective only 
when these bars are perpendicular to the longitudinal reinforcement. 

(e) Longitudinal bars bent to act as web reinforcement shall, in a 
region of tension, be continuous with the longitudinal reinforcement. 
The tensile stress in each bar shall be fully developed in both the upper 
and the lower half of the beam by one of the following methods: 

1. As specified in Section 904(a), (3). 

2. As specified in Section 904(a), (4). 

3. By bond, at a unit. bond stress not exceeding .04 f’, on plain 
bars nor .05 f’, on deformed bars, plus a bend of radius not less than 
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two times the diameter of the bar, parallel to the upper or lower 
surface of the beam, plus an extension of the bar of not less than 
twelve diameters of the bar terminating in a standard hook. This 
short radius bend extension and hook shall together not be counted 
upon to develop a tensile unit stress in the bar of more than 10,000 
p.s.i. 

4. By bond, ‘at a unit bond stress not exceeding .04 f’. on plain 
bars nor .05 f’. on deformed bars, plus a bend of radius not less 
than two times the diameter of the bar, parallel to the upper or 
lower surface of the beam and continuous with the longitudinal 
reinforcement. The short radius bend and continuity shall together 
not be counted upon to develop a tensile unit stress in the bar of 
more than 10,000 p.s.i. 

5. The tensile unit stress at the inden of a bend may be 
increased from 10,000 p.s.i. when the radius of bend is two bar 
diameters, at the rate of 1,000 p.s.i. tension for each increase of 
1% bar diameters in the radius of bend, provided that the length 
of the bar in the bend and extension is sufficient to develop this 
increased tensile stress by bond at the unit stresses given in Section 
904(e), (3). 

(f) In all cases web reinforcement shall be carried as close to the 
compression surface of the beam as fireproofing regulations and the 


. proximity of other steel will permit. 


905— Anchorage of bars in footing slabs 

(c) All bars in footing slabs shall be anchored by means of standard 
hooks. The outer faces of these hooks shall be not less than three inches 
nor more than six inches from the face of the footing. 


906—Hooks 


(a) The terms “hook” or “standard hook” as used herein shall 
mean either 


1. A complete semicircular turn with a radius of bend on the 
axis of the bar of not less than three and not more than six bar 
diameters, plus an extension of at least four bar diameters at the 
free end of the bar, or 

2. A 90° bend having a radius of not less than four bar diameters 
plus an extension of twelve bar diameters. 

Hooks having a radius of bend of more than six bar diameters shall be 
considered merely as extensions to the bars, and shall be treated as in 
section 904 (e), (5). 

(b) In general, hooks shall not be permitted in the tension portion of 
any beam except at the ends of simple or cantilever beams or at the 
freely supported ends of continuous or restrained beams. 
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(c) No hook shall be assumed to carry a load which would produce 
a tensile stress in the bar greater than 10,000 p.s.i. 

(d) Hooks shall not be considered effective in adding to the com- 
pressive resistance of bars. 

(e) Any mechanical device capable of developing the strength of 
the bar without damage to the concrete may be used in lieu of a hook. 
Tests must be presented to show the adequacy of such devices. 


CHAPTER 10—FLAT SLABS—WITH SQUARE OR 
RECTANGULAR PANELS 


1000—Néetation 

A = The distance from the center line of the column, in the direc- 
tion of any span, to the intersection of a 45-degree diagonal 
line from the center of the column to the bottom of the flat 
slab or drop panel, where such line lies wholly within the 
column, capital, or bracket, provided such capital or bracket 
is structurally capable of resisting shears and moments with- 
out excessive unit stress. In no case shall A be greater than 
one-eighth the span in the direction considered. 


Aw = Average of the two values of A for the two columns at the 
ends of a column strip, in the direction of the spans con- 
sidered. 

c = Diameter or width of column capital at the under side of 


the slab or drop panel. No portion of the column capital 
shall be considered for structural purposes which lies out- 
side the largest right circular cone, with 90 degrees vertex 
angle, that can be included within the outlines of the column 
capital. 
L = Span length of slab center to center of columns in the direc- 
tion of which bending is considered. 
M, = Sum of the positive and the average negative bending 
moments at the critical design sections of a flat slab panel. 
See Section 1003(b). 
W = Total dead and live load uniformly distributed over a single 
panel area. 
W.. = The average of the total load on two adjacent panels. 
x = Coefficient of span L which gives the distance from the 
center of column to the critical section for negative bending 
in design according to Section 1002(a). 
1001—Scope 
(a) The term flat slab shall mean a reinforced concrete slab sup- 
ported by columns with or without flaring heads or column capitals, 
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with or without depressed or drop panels and generally without beams or 
girders. 

(b) Recesses or pockets in flat slab ceilings, located between rein- 
forcing bars and forming cellular or two-way ribbed ceilings, whether 
left open or filled with permanent fillers, shall not prevent a slab from 
being considered a flat slab; but allowable unit stresses shall not be 
exceeded. 

(c) This chapter provides for two methods of design of flat slab 
structures. 

1. Any type of flat slab construction may be designed by appli- 
cation of the principles of continuity, using the method outlined 
in Section 1002, or using other recognized methods of elastic analysis. 
In either case, the design must be subject to the provisions of Sec- 
tions 1005(a) and (c), 1006, 1008 and 1009. 

2. The common cases of flat slab construction described in 
Section 1003 may be designed by the use of moment coefficients, 
given in Sections 1003 and 1004, and subject to the provisions of 
Sections 1005, 1006, 1007, 1008 and 1009. 


1002— 
(a) Sub-paragraph 10—Lines 6 and 7, delete, “in the manner provided in 
Chapter 11.” 


1002—Design of flat slabs as continuous frames 

(a) Except in the cases of flat slab construction where specified co- 
efficients for bending may be used, as provided in Section 1003, bending 
and shear in flat slabs and their supports shall be determined by an 
analysis of the structure as a continuous frame, and all sections shall be 
proportioned to resist the moments and shears thus obtained. In the 
analysis, the following assumptions may be made: 

1. The structure may be considered divided into a number of 
bents, each consisting of a row of columns and strips of supported 
slabs, each strip bounded laterally by the center line of the panel 
on either side of the row of columns. The bents shall be taken 
longitudinally and transversely of the building. 

2. Each such bent may be analyzed in its entirety; or each floor 
thereof and the roof may be analyzed separately with its adjacent 
columns above and below, the columns being assumed fixed at their 
remote ends. Where slabs are thus analyzed separately, in bents 
more than four panels long, it may be assumed in determining the 
bending at a given support that the slab is fixed at any support 
two panels distant therefrom beyond which the slab continues. 

3. The joints between columns and slabs may be considered 
rigid and this rigidity may be assumed to extend in the slabs a dis- 
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tance A from the center of the columns, and in the column to the 
intersection of the sides of the column and the 45 degree line de- 
fining A. The change in length of columns and slabs due to direct 
stress, and deflections due to shear, may be neglected. Where metal 
column capitals are used, account may be taken of their contributions 
to stiffness and resistance to bending and shear. 

4. The supporting columns may be assumed free from settle- 
ment or lateral movement unless the amount thereof can be reason- 
ably determined. 

5. The moment of inertia of slab or column at any cross-section 
may be assumed to be that of the gross section of the concrete. 
Variation in the moments of inertia of the slabs and columns along 
their axes shall be taken into account. 

6. Where the load to be supported is definitely known, the 
structure shall be analyzed for that load. Where the live load is 
variable but does not exceed three-quarters of the dead load, or 
the nature of the live load is such that all panels will be loaded 
simultaneously, the maximum bending may be assumed to obtain 
at all sections under full live load. Elsewhere, maximum positive 
bending near mid-span of a panel may be assumed to obtain under 
full live load in the panel and in alternate panels; and maximum 
negative bending at a support may be assumed to obtain under full 
live load in the adjacent panels only. 

7. Where neither beams nor girders help to transfer the slab 
load to the supporting column, the critical section for negative 
bending may be assumed as not more than the distance rl from 
the column center, where 


t= 0.073 + 0.57 ~.. is ie Apa og lie oéa (17) 


In slabs supported by beams, girders, or walls, the critical section 
for negative bending shall be assumed at the face of such support. 

8. The numerical sum of the maximum positive and the aver- 
age maximum negative bending moments for which provision is 
made in the design in the direction of either side of a rectangular 
panel shall be assumed as not less than 


Wal (1 _ =)’. Pty ae oH i 
10 3L 


9. The bending at critical sections across the slabs of each bent 
may be apportioned between the column strip and middle strip, as 
defined in Section 1005, in the ratio of the specified coefficients 
which affect such apportionment in the special cases of flat slabs 
provided for in Section 1003. 
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10. The maximum bending in columns may be assumed to obtain 
under full live load in alternate panels. Columns shall be pro- 
portioned to resist the maximum bending combined with the maxi- 
mum direct load consistent therewith; and for maximum direct load 
combined with the bending under full load, the direct load subject 
to allowable reductions, in the manner provided in Chapter 11, 
In computing moments in columns at any floor, the far ends of the 
columns may be considered fixed. 

(b) The foregoing provisions outline the method to be followed 
in analyzing and designing flat slabs in the general case. In all instances 
the design must conform to the requirements for panel strips and critical 
design sections, slab thickness and drop panels, capitals and brackets, 
arrangement of reinforcement and openings in flat slabs, as provided 
in Sections 1005(a) and (c), 1006, 1008 and 1009. 


1003—Design of flat slabs by moment coefficients 
(a) In those cases of flat slab construction which fall within the 
following limitations as to continuity and dimensions, the bending 
moments at critical sections may be determined by the use of specified 
coefficients as provided in Section 1004. 
1. The ratio of length to width of panel does not exceed 1.33. 
2. The slab is continuous for at least three panels in each direc- 
tion. 
3. The successive span lengths in each direction differ by not 
more than twenty per cent of the shorter span. 
(b) In such slabs, the numerical sum of the positive and negative 
bending moments in the direction of either side of an interior rectangular 
panel shall be assumed as not less than 


2 
M, = 0.09 WL (: a *) Ber eat asi, , (19) 
3L 


(c) Three-fourths of the width of the strip shall be taken as the width 
of the section in computing compression due to bending, except that, 
on a section through a drop panel, three-fourths of the width of the 
drop panel shall be taken. Account shall be taken of any recesses which 
reduce the compressive area. Tension reinforcement distributed over 
the entire strip shall be included in the computations. 

(d) The design of slabs under the procedure given in this section is 
subject to the provisions of all subsequent sections of this chapter 
(Sections 1004 to 1009). 


1004—Bending moment coefficients 

(a) The bending moments at the critical sections of the middle 
and column strips of an interior panel shall be assumed as given in 
Table 1004(a). 
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(a) 


(b) 


(c) 
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With drop panel 


Column strip....... 


Middle strip........ 


Without drop panel 


Column strip....... 


Middle strip..... 


With drop panel 


Column strip. . . 


Middle strip........ 


Without drop panel 
Column strip......... 


Middle stfip......... 





Negative moment 
Positive moment 
Negative moment 
Positive moment 


Negative moment 
Positive moment 
Negative moment 
Positive moment 


Exterior negative 
Positive moment 
Interior negative 
Exterior negative 
Positive moment 
Interior negative 


Exterior negative 
Positive moment 
Interior negative 
Exterior negative 
Positive moment 
Interior negative 


TABLE 1004(a)—BENDING MOMENTS IN INTERIOR FLAT SLAB PANEL 
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0.50M. 
0.20M, 

|  0.15M, 
|  0.15M, 


0.46M, 
| 0.22M, 
0.16M, 
0.16M, 


| 
|  0.45M, 
0.25M, 
0.55M, 
0.10M, 
0.19M, 
0.165M, 


0.41M, 
0.28M, 
0.50M, 
0.10M, 
0.20M, 
0.176M, 


TABLE 1004(c)}—BENDING MOMENTS IN PANELS WITH MARGINAL BEAMS 
OR WALLS 


(a) 


(b) 


Load to be carried by 
Marginal Beam or Wall 


Moment to be used in the 
design of Half Column 
Strip adjacent and parallel 
to Marginal Beam or Wall. 


Neg. | 


Pos. 


(c) Negative 


Moment 


to be 





used in Design of Middle 
Strip continuous across a 
Beam or Wall 





Neg. 


| 
| 





Depth greater than 1% 
times the Slab Thick- 


| ness; or Bearing Wall. 


Loads directly superim- 
posed upon it plus a 
uniform load equal to 
one-quarter of the total 
live and dead panel load. 


With 
Drop 


0.125M, 


Without 
Drop 


0.115M, 


0.05M, 


0.055M. 


0.195M, 


0.208M. 


| Marginal Beams with | 


} 


Marginal Beams 
with depth 1% 
times the Slab 
Thickness or less. 


Loads directly 
superimposed 
os pam it exclusive 
of any panel load. 


Without 


With 

Drop Drop 
| 0.25M, 0.23M, 

0.10M, | 0.11M, 


0.15M, | 0.16M, 
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(b) The bending moments at critical sections of strips, in an exterior 
panel, at right angles to the discontinuous edge, where the exterior 
supports consist of reinforced concrete columns or reinforced concrete 
bearing walls integral with the slab, the ratio of stiffness of the support 
to that of the slab being at least as great as the ratio of the live load to 
the dead load and not less than one, shall be assumed as given in Table 
1004(b). Where a flat slab is so supported by a wall providing restraint 
at the discontinuous edge, the coefficient for negative bending at the 
edge shall be assumed more nearly equal in the column and middle strips, 
the sum remaining as given in Table 1004(b), but that for the column 
strip shall not be less than 0.30 M,. Bending in middle strips parallel to a 
discontinuous edge, except in a corner panel, shall be assumed the same 
as in an interior panel. M, shall be determined as provided in Section 
1003(b) for an interior panel. 

(c) The bending moments at critical sections of strips, in an exterior 
panel, at right angles to the discontinuous edge, where the exterior 
supports are masonry bearing walls or other construction which provide 
only negligible restraint to the slab, shall be assumed as given in Table 
1004(b) with the following modifications. 

1. On critical sections at the face of the exterior support, negative 
bending in each strip shall be assumed as 0.05 M,. 

2. The coefficients for positive bending shall be increased by 
forty per cent. 

3. The coefficients for negative bending at the first interior 
columns shall be increased thirty per cent. 

(d) The bending moments in panels with marginal beams or walls, 
in the strips parallel and close thereto, and in the beams, shall be de- 
termined upon the basis of assumptions presented in Table 1004(c). 

(e) For design purposes any of the moment coefficients of Tables 
1004(a), 1004(b), and 1004(c) may be varied by not more than six 
per cent, but the numerical sum of the positive and negative moments 
in a panel shall not be taken as less than the amount specified. 

(f) Panels supported by marginal beams on opposite edges shall be 
designed as solid one or two-way slabs to carry the entire panel load. 

(g) The ratio of reinforcement in any strip shall not be less than 
0.0025. 


1005—Panel strips and critical design sections 
(a) A flat slab panel shall be considered as consisting of strips in 
each direction as follows: 
A middle strip one half panel in width, symmetrical about panel 
center line and extending through the panel in the direction of the 
span for bending. 








~~ 2 ee | oe a 


a 


sl 
in 
in 
ca 
ta 


pe 








PROPOSED REVISION OF BUILDING REGULATIONS 449 


A column strip consisting of the two adjacent quarter-panels 
either side of the column center lines. 

(b) The critical sections for bending are located as follows: 

Sections for negative bending shall be taken along the edges of 
the panel, on column center lines between capitals and around the 
perimeters of column capitals. 

Sections for positive bending shall be taken at mid-span of the 
strips. 

(c) Only the reinforcement which crosses a critical section within a 
strip may be considered effective to resist bending in the strip at that 
section. Reinforcement which crosses such section at an angle with 
the center-line of the strip shall be assumed to contribute to the re- 
sistance of bending only its effective area in the direction of the strip, 
as defined in Chapter 1. 
1006—Slab thickness and drop panels 

(a) The thickness of a flat slab and the size and thickness of the 
drop panel, where used, shall be such that the compressive stress due 
to bending at the critical sections of any strip and the shear about the 
column capital and the drop panel shall not exceed the unit stresses 
allowed in concrete of the quality used. 

(b) ‘The shearing stresses in the slab outside the capital or drop panel 
shall be computed as provided in Section 807. 


(c) Slab thickness shall not, however, be less than 
oe 
with drop panels 
40 


or 
‘ without drop panels 
36 

(d) The thickness of the drop panel below the slab shall not be more 
than one-fourth the distance from the edge of the column capital to the 
edge of the drop panel 
1007—Capitals and brackets 

(a) Where a column is without a flaring concrete capital the distance ¢ 
shall be taken as the diameter of the column. Structural metal embedded 
in the slab or drop panel may be regarded as contributing to resistance 
in bending and shear 

(b) Where a reinforced concrete beam frames into a column without 
capital or bracket on the same side with the beam, the value of ¢ may be 
taken as the width of the column plus twice the projection of the beam 
above or below the slab or drop panel for computing bending in strips 
parallel to the beam 
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(c) Brackets capable of transmitting the negative bending and the 
shear in the column strips to the columns without excessive unit stress 
may be substituted for column capitals at exterior columns. The value 
of c where brackets are used shall be taken as twice the distance from the 
center of the column to a point where the bracket is 1% inches thick, but 
not more than the thickness of the column plus twice the depth of the 
bracket. 

(d) The average of the diameters ¢ of the column capitals at the 
four corners of a panel shall be used in determining the bending in the 
middle strips of the panel. The average of the diameters c of the two 
column capitals at the ends of a column strip shall be used in determining 
bending in the strip. 
1008—Arrangement of reinforcement 

(a) Slab reinforcement shall be provided to resist the bending and 
bond stresses not only at critical sections, but also at intermediate 
sections. 

(b) Bars shall be spaced evenly across strips or bands and the spacing 
shall not exceed three times the slab thickness. 


(c) In exterior panels the reinforcement perpendicular to the dis- 
continuous edge for positive bending, shall extend to the edge and have 
embedment of at least six inches in spandrel beams, walls or columns. 
All such reinforcement for negative bending shall be bent, hooked or 
otherwise anchored in spandrel beams, walls or columns. 


1009—Openings in flat slabs 

Openings of any size may be cut through a flat slab if provision is 
made for the total positive and negative resisting moments, as required 
in Sections 1002 or 1003, without exceeding the allowable stresses as 
given in Sections 305 and 306. 


CHAPTER 11—REINFORCED CONCRETE COLUMNS AND WALLS 


1100— 
After f’. delete ‘“‘Ultimate’”’; capitalize “C” in “compressive.” 
After f, change “working” to ‘allowable’. 

1100—Notation 

A. = Area of core of a spirally reinforced column measured to the 
outside diameter of the spiral; net area of concrete section 
of a composite column. 

A, = The overall or gross area of spirally reinforced or tied 
columns; the total area of the concrete encasement of com- 
bination columns. 

A, = Area of the steel or cast-iron core of a composite column; 
the area of the steel core in a combination column. 
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Effective cross-sectional area of reinforcement in compres- 
sion in columns. 

Ratio of allowable concrete stress, f., in axially loaded col- 
umn to allowable fiber stress for concrete in flexure. 

- ; ‘ : ; - 

— = a factor, usually varying from 3 to 9. (The term R 
2h? 
as used here is the radius of gyration of the entire column 
section. ) 
The least lateral dimension of a concrete column. 
Eccentricity of the resultant load on a column, measured 
from the gravity axis. 

ete point PP? an Sention 11000) ). 

45,000 

Average allowable stress in the concrete of an axially loaded 
reinforced concrete column. 

Computed concrete fiber stress in an eccentrically loaded 
column. 

Ultimate compressive strength of concrete at age of 28 days, 
unless otherwise specified. 

Maximum allowable concrete fiber stress in an eccentrically 
loaded column. 

Allowable unit stress in the metal core of a composite 
column. 

Allowable unit stress on unencased steel columns and pipe 
columns. 

Nominal working stress in vertical column reinforcement. 
Useful limit stress of spiral reinforcement. 

Unsupported length of column. 

Least radius of gyration of a metal pipe section (in pipe 
columns). 
30,000 

f'e 
Axial load applied to reinforced concrete column, 
Ratio of volume of spiral reinforcement to the volume of the 
concrete core (out to out of spirals) of a spirally reinforced 
concrete column. 
Ratio of the effective cross-sectional area of vertical rein- 
forcement to the gross area A,. 
Total allowable axial load on a column whose length does 
not exceed ten times its least cross-sectional dimension. 


Total allowable axial load on a long column. 
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R Least radius of gyration of a section. 
t Overall depth of column section. 


1101—Limiting dimensions 

(a) The following sections on reinforced concrete and composite 
columns, except Section 1107(a), apply to a short column for which 
the unsupported length is not greater than ten times the least dimen- 
sion. When the unsupported length exceeds this value, the design 
shall be modified as shown in Section 1107(a). Principal columns in 
buildings shall have a minimum diameter of twelve inches, or in the 
ease of rectangular columns, a minimum thickness of ten inches, and 
a minimum gross area of 120 sq. in. Posts that are not continuous from 
story to story shall have a minimum diameter or thickness of six inches. 


1102— 
(a) 1. Line 2, after “capital” add, “of the drop panel or of the slab, which- 
ever is least”’. 
1102—Unsupported length of columns 
(a) For purposes of determining the limiting dimensions of columns, 
the unsupported length of reinforced concrete columns shall be taken 
as the clear distance between floor slabs, except that 

1. In flat slab construction, it shall be the clear distance between 
the floor and the lower extremity of the capital. 

2. In beam and slab construction, it shall be the clear distance 
between the floor and the under side of the deeper beam framing 
into the column in each direction at the next higher floor level. 

3. In columns restrained laterally by struts, it shall be the 
clear distance between consecutive struts in each vertical plane; 
provided that to be an adequate support, two such struts shall 
meet the column at approximately the same level, and the angle 
between vertical planes through the struts shall not vary more 
than 15 degrees from a right angle. Such struts shall be of adequate 
dimensions and anchorage to restrain the column against lateral 
deflection. 

4. In columns restrained laterally by struts or beams, with 
brackets used at the junction, it shall be the clear distance be- 
tween the floor and the lower edge of the bracket, provided that the 
bracket width equals that of the beam or strut and is at least half 
that of the column. 


(6) For rectangular columns, that length shall be considered which 
produces the greatest ratio of length to depth of section. 


1103 
(a) Line 8, change ‘‘working”’ to “allowable’’. 
Footnote, line 1, change “working” to “allowable’ 
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1103—Spirally reinforced columns 

(a) Allowable Load—The maximum allowable axial load, P, on 
columns with closely spaced spirals enclosing a circular concrete core 
reinforced with longitudinal bars shall be that given by Formula (20). 


Pw 4 OS Ht EP eee (20) 
Wherein 

A, = the gross area of the column 

f’. = compressive strength of the concrete 

f, = nominal working stress in vertical column reinforcement, 


to be taken at forty per cent of the minimum specification 
value of the yield point; viz., 16,000 p.s.i. for intermediate 
grade steel and 20,000 p.s.i. for rail or hard grade steel.* 

Pp, = ratio of the effective cross-sectional area of vertical reinforce- 
ment to the gross area, A,. 

(b) Vertical Reinforcement—The ratio p, shall not be less than 0.01 
nor more than 0.08. The minimum number of bars shall be six, and 
the minimum diameter shall be 54 in. The center to center spacing of 
bars within the periphery of the column core shall not be less than 244 
times the diameter for round bars or three times the side dimension for 
square bars. The clear spacing between bars shall not be less than 
1\% inches or 11% times the maximum size of the coarse aggregate used. 
These spacing rules also apply to adjacent pairs of bars at a lapped 
splice; each pair of lapped bars forming a splice may be in contact, but 
the minimum clear spacing between one splice and the adjacent splice 
should be that specified for adjacent single bars. 

(c) Splices in Vertical Reinforcement—Where lapped splices in the 
column verticals are used, the minimum amount of lap shall be as 
follows: 


1103 


c) 1. Line 5, change “working” to “allowable’’. 
4 4 


1. For deformed bars—with concrete having a strength of 
3000 p.s.i. or above, twenty-four diameters of bar of intermediate 
grade steel and thirty diameters of bar of hard grade steel. For 
bars of higher yield point, the amount of lap shall be increased in 
proportion to the nominal working stress. When the concrete 
strengths are less than 3000 p.s.i., the amount of lap shall be one- 
third greater than the values given above. 

2. For plain bars—the minimum amount of lap shall be twenty- 
five per cent greater than that specified for deformed bars. 


*Nominal working stresses for reinforcement of higher yield point may be established at forty percent 
of the yield point stress, but not more than 30,000 psi., when the properties of auch reinforcing steels have 
been definitely specified by standards of A.S.'T.M. designation. If this is done, the lengths of aplice required 
by Section 1103 (c) shall be increased accordingly 
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3. Welded splices or other positive connections may be used 
instead of lapped splices. Welded splices shall preferably be used 
in cases where the bar diameter exceeds 1144 in. An approved 
welded splice shall be defined as one in which the bars are butted 
and welded and that will develop in tension at least the yield point 
stress of the reinforcing steel used. 


Change sub-paragraph 4 to: 

“Where longitudinal bars are offset at a splice, the slope of the inclined portion 
of the bar with the axis of the column shall not exceed 1 in 6, and the portions of 
the bar above and below the offset shall be parallel to the axis of the column. Ade- 
quate horizontal support at the offset bends shall be treated as a matter of design, 
and may be provided by metal ties, spirals or parts of the floor construction. 
Metal ties or spirals so designed shall be placed near (never more than 8 bar 
diameters from) the point of bend. The horizontal thrust to be resisted may be 
assumed as 1!% times the horizontal component of the nominal stress in the in- 
clined portion of the bar. 

Offset bars shall be bent before they are placed in the forms. No field bending 
of bars partially embedded in concrete shall be permitted.”’ 

4. Where changes in the cross section of a column occur, the 
longitudinal bars shall be offset in a region where lateral support 
is afforded by a concrete capital, floor slab or by metal ties or 
reinforcing spirals. Where bars are offset, the slope of the inclined 
portion from the axis of the column shall not exceed 1 in 6 and 
the bars above and below the offset shall be parallel to the axis 
of the column. 


1103— 

(d) Lines 11 to 13, change “The spiral . . . spacer bars’ to ‘The spiral 
reinforcement shall consist of evenly spaced continuous spirals held firmly in 
place and true to line by vertical spacers, using at least two for spirals 20 in. or 
less in diameter, three for spirals 20 to 30 in. in diameter and four for spirals 
more than 30 in. in diameter, or composed of spiral rods 5¢-in. or larger in size.’ 


(d) Spiral Reinforcement—The ratio of spiral reinforcement, p’, 
shall not be less than the value given by Formula (21). 


p’ = 0.45 (4: - iy i i ds pracage acc 5 (21) 


Wherein 

p’ = ratio of volume of spiral reinforcement to the volume of 
the concrete core (out to out of spirals). 
useful limit stress of spiral reinforcement, to be taken as 
40,000 p.s.i. for hot rolled rods of intermediate grade, 50,000 
p.s.i. for rods of hard grade, and 60,000 p.s.i. for cold drawn 
wire. 
The spiral reinforcement shall consist of evenly spaced continuous 
spirals held firmly in place and true to line by at least three vertical 
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spacer bars. The spirals shall be of such size and so assembled as to 
permit handling and placing without being distorted from the designed 
dimensions. The material used in spirals shall have a minimum diameter 
of 4 in. for rolled bars or No. 4 W. & M. gage for drawn wire. Anchor- 
age of spiral reinforcement shall be provided by 1% extra turns of spiral 
rod or wire at each end of the spiral unit. Splices, when necessary shall 
be made in spiral rod or wire by welding or by a lap of 1% turns. The 
center to center spacing of the spirals shall not exceed one-sixth of the 
core diameter. The clear spacing between spirals shall not exceed 3 in. 
nor be less than 1% in. or 11% times the maximum size of coarse aggregate 
used. The reinforcing spiral shall extend from the floor level in any story 
or from the top of the footing in the basement, to the level of the lowest 
horizontal reinforcement in the slab, drop panel or beam above.- In a 
column with a capital, it shall extend to a plane at which the diameter 
or width of the capital is twice that of the column. 

(e) Protection of Reinforcement—The column reinforcement shall be 
protected everywhere by a covering of concrete cast monolithically 
with the core, for which the thickness shall not be less than 11% in. nor 
less than 1'% times the maximum size of the coarse aggregate, nor shall 
it be less than required by the fire protection and weathering provisions 
of Section 507. 

1103 

(f) Line 3, transpose ‘‘of which’ and “the sides’. 

(f) Isolated Column with Multiple Spirals—In case two or more inter- 
locking spirals are used in a column, the outer boundary of the column 
shall be taken as a rectangle of which the sides are outside the extreme 
limits of the spiral at a distance equal to the requirements of Section 
1103(e). 

(g) Limits of Section of Column Built Monolithically with Wall— 
For a spiral column built monolithically with a concrete wall or pier, 
the outer boundary of the column section shall be taken either as a 
circle at least 114% in. outside the column spiral or as a square or rec- 
tangle of which the sides are at least 1% in. outside the spiral or spirals. 

(h) Equivalent Circular Columns—As an exception to the general 
procedure of utilizing the full gross area of the column section, it shall 
be permissible to design a circular column and to build it with a square, 
octagonal, or other shaped section of the same least lateral dimension. 
In such case, the allowable load, the gross area considered, and the 
required percentages of reinforcement shall be taken as those of the 
circular column. 
1104—Tied columns 

(a) Allowable Load—The maximum allowable axial load on columns 
reinforced with longitudinal bars and separate lateral ties shall be 80 
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per cent of that given by Formula (20). The ratio, p,, to be considered 
in tied columns shall not be less than 0.01 nor more than 0.04. The 
longitudinal reinforcement shall consist of at least four bars, of mini- 
mum diameter of 5% inch. Splices in reinforcing bars shall be made ag 
described in Section 1103 (ce). 


(b) Lateral Ties—Lateral ties shall be at least 14 in. in diameter and 
shall be spaced apart not over 16 bar diameters, 48 tie diameters or 
the least dimension of the column. When there are more than four 
vertical bars, additional ties shall be provided so that every longitudi- 
nal bar is held firmly in its designed position and has lateral support 
equivalent to that provided by a 90-degree corner of a tie. 


(c) Limits of Column Section—In a tied column which for architec- 
tural reasons has a larger cross section than required by considerations 
of loading, a reduced effective area, A,, not less than one-half of the 
total area may be used in applying the provisions of Section 1104 (a). 


1105— 
(b) Line 7, change ‘‘and”’ to “,’”’; add “‘and (e)’’. 


1105—Composite columns 


(a) Allowable Load—The allowable load on a composite column, con- 
sisting of a structural steel or cast-iron column thoroughly encased 
in concrete reinforced with both longitudinal and spiral reinforcement, 
shall not exceed that given by Formula (22). 


eS a SS © ere (22) 


Wherein A, = net area of concrete section 

A, — A, — A, 

A, cross-sectional area of longitudinal bar reinforcement. 

A, = cross-sectional area of the steel or cast-iron core. 

tf, allowable unit stress in metal core, not to exceed 16,000 
p.s.i. for a steel core; or 10,000 p.s.i. for a cast-iron core. 


I 


The remaining notation is that of Section 1103. 


(b) Details of Metal Core and Reinforcement—The cross-sectional area 
of the metal core shall not exceed 20 per cent of the gross area of the 
column. If a hollow metal core is used it shall be filled with concrete. 
The amounts of longitudinal and spiral reinforcement and the require- 
ments as to spacing of bars, details of splices and thickness of protective 
shell outside the spiral shall conform to the limiting values specified 
in Section 1103 (b), (c) and (d). A clearance of at least three inches 
shall be maintained between the spiral and the metal core at all points 
except that when the core consists of a structural steel H-column, the 
minimum clearance may be reduced to two inches. 
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(c) Splices and Connections of Metal Cores—Metal cores in composite 
columns shall be accurately milled at splices and positive provision shall 
be made for alignment of one core above another. At the column base, 
provision shall be made to transfer the load to the footing at safe unit 
stresses in accordance with Section 305 (a). The base of the metal 
section shall be designed to transfer the load from the entire composite 
column to the footing, or it may be designed to transfer the load from 
the metal section only, provided it is so placed in the pier or pedestal 
as to leave ample section of concrete above the base for the transfer 
of load from the reinforced concrete section of the column by means of 
bond on the vertical reinforcement and by direct compression on the 
concrete. ‘Transfer of loads to the metal core shall be provided for by 
the use of bearing members such as billets, brackets or other positive 
connections; these shall be provided at the top of the metal core and at 
intermediate floor levels where required. The column as a whole shall 
satisfy the requirements of Formula (22) at any point; in addition to 
this, the reinforced concrete portion shall be designed to carry, in accord- 
ance with Formula (20), all floor loads brought onto the column at levels 
between the metal brackets or connections. In applying Formula (20), 
the value of A, shall be interpreted as the area of the concrete section 
outside the metal core, and the allowable load on the reinforced concrete 
section shall be further limited to 0.35 f’.A,. Ample section of concrete 
and continuity of reinforcement shall be provided at the junction with 
beams or girders. 

(d) Allowable Load on Metal Core Only—The metal cores of composite 
columns shall be designed to carry safely any construction or other 
loads to be placed upon them prior to their encasement in concrete. 
1106—Combination columns 

(a) Steel Columns Encased in Concrete—The allowable load on a 
structural steel column which is encased in concrete at least 214 inches 
thick over all metal (except rivet heads) reinforced as hereinafter specified, 
shall be computed by Formula (23). 





D Oo aoa A | 
I Ag,| + aed 950 eee aed (23) 
Wherein A, = cross-sectional area of steel column. 
f', = allowable stress for unencased steel column. 
A, = total area of concrete section. 


The concrete used shall develop a compressive strength, f’., of at least 
2000 p.s.i. at 28 days. The concrete shall be reinforced by the equivalent 
of welded wire mesh having wires of No. 10 W. and M. gage, the wires 
encircling the column being spaced not more than four inches apart and 
those parallel to the column axis not more than eight inches apart. This 
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mesh shall extend entirely around the column at a distance of one inch 
inside the outer concrete surface and shall be lap-spliced at least forty 
wire diameters and wired at the splice. Special brackets shall be used 
to receive the entire floor load at each floor level. The steel column shall 
be designed to carry safely any construction or other loads to be placed 
upon it prior to its encasement in concrete. 


ie 


(b) Pipe Columns—The allowable load on columns consisting of 
steel pipe filled with concrete shall be determined by Formula (24). 
Cee ARS Ske EG a a re .. . (24) 
The value of f’, shall be given by Formula (25). 





h | 
f, = | 18,000 0 
KJ 
; Wherein f’, = allowable unit stress in metal pipe. 
} h = unsupported length of column 
fi K = least radius of gyration of metal pipe section. 
" aes yield point of pipe. 
4 45,000 
‘ If the yield point of the pipe is not known, the factor F shall be taken 
6 as 0.5. 
# 
A 1107— 


(a) Line 2, change ‘‘a’”’ to “an unsupported”. 


a Lines 5 and 6, change “‘Formulas (20) and (22)” to “sections 1103, 1104 and 

3 1105”. 

EF 

3 1107—Long columns 

a (a) The maximum allowable load, P’, on axially loaded reinforced 
; concrete or composite columns having a length, A, greater than ten 
: times the least lateral dimension, d, shall be given by Formula (26). 

4 a : pa on 
Fi, I = | eee oN ed > 5 dnc wha a ose 9ie (26) 
‘ r 

7 ; : ; : 

i where P is the allowable axial load on a short column as given by For- 
; mulas (20) and (22). 

i . % ° 

i The maximum allowahie load, P’, on eccentrically loaded columns 


in which — exceeds ten shall also be given by Formula (26), in which P is 
( 


the allowable eccentrically applied load on a short column as determined 
q by the provisions of Sections 1109 and 1110. In long columns subjected 


f to definite bending stresses, as determined in Section 1108, the ratio 
ie h 

F r shall not exceed twenty. 
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1108 


Change fourth sentence, “Wall columns . . . floor level” to “In com- 
puting moments in columns, the far ends may be considered fixed. Columns shall 
be designed to resist the axial forces from loads on all floors, plus the maximum 
bending due to loads on a'single adjacent span of the floor under consideration’’. 


1108—Bending moments in columns 


(a) The bending moments in the columns of all reinforced concrete 
structures shall be determined on the basis of loading conditions and 
restraint and shall be provided for in the design. When the stiffness and 
strength of the columns are utilized to reduce moments in beams, girders, 
or slabs, as in the case of rigid frames, or in other forms of continuous 
construction wherein column moments are unavoidable, they shall be 
provided for in the design. In building frames, particular attention shall 
be given to the effect of unbalanced floor loads on both exterior and in- 
terior columns and of eccentric loading due to other causes. Wall columns 
shall be designed to resist moments produced by , 


1. Loads on all floors of the building 
2. Loads on a single exterior bay at two adjacent floor levels, or 
3. Loads on a single exterior bay at one floor level 
Resistance to bending moments at any floor level shall be provided 
by distributing the moment between the columns immediately above 
and below the given floor in proportion to their relative stiffnesses and 
conditions of restraint. 


1109—Determination of combined axial and bending stresses 


(a) Ina reinforced concrete column, designed by the methods of this 
Chapter, which is (1) symmetrical about two perpendicular planes 
through its axis and (2) subject to an axial load, N, combined with 
bending in one or both of the planes of symmetry (but with the ratio of 
eccentricity to depth, e/t, no greater than 1.0 in either plane), the com- 
bined fiber stress in compression may be computed on the basis of 
recognized theory applying to uncracked sections, using Formula 27. 


De 
N Ss * 
a PERSE CORP Re eae ty wee, eae Cine ee 


“L1 + (n — 1)p, 
Equating this calculated stress, f., to the allowable stress, f,, in Formula 
29, it follows that the column can be designed for an equivalent axial 
load, P, as given by Formula 28.* 


P =N E + sad Bo caiet, sickest ilies. halal (28) 


*For approximate or trial computations, D may be taken as eight for a circular spiral column and as 
five for a rectangular tied or spiral column. 
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7 : : Mae! 
When bending exists on both axes of symmetry, the quantity 7 is to 


; D aie , 
be computed as the numerical sum of the a quantities in the two direc- 


tions. 

(b) For columns in which the load, N, has an eccentricity, e, greater 
than the column depth, ¢, or for beams subject to small axial loads, 
the determination of the fiber stress f, shali be made by use of recog- 
nized theory for cracked sections, based on the assumption that no ten- 
sion exists in the concrete. For such cases the tensile steel stress shall 
also be investigated. 

1110— 

Line 8, in the expression for ‘‘f,” change ‘“‘p” in the denominator to “p,”’. 
1110—Allowable combined axial and bending stress 

(a) For spiral and tied columns, eccentrically loaded or otherwise 
subjected to combined axial compression and flexural stress, the maxi- 
mum allowable compressive stress, f,, is given by Formula (29). 


oe. 
t t+ De 
fo = fe —___~ =f FE | SARS TA ee eee (29) 
tard a t+ CDe 


Wherein the notation is that of Section 1103 and 1109, and, in addition 
f. is the average allowable stress in the concrete of an axially loaded 
reinforced concrete column, and C is the ratio of f, to the allowable 
( ‘s 95 ff 3 
).225 fle + SeDo for 
1 + (n — l1)p 


fiber stress for members in flexure. Thus f, = 


II 
' 


spiral columns and 0.8 of this value for tied columns, and C 0457. 
a5 7". 
1111—Wind stresses 
(a) When the allowable stress in columns is modified to provide for 
combined axial load and bending, and the stress due to wind loads is 
also added, the total shall still come within the allowable values speci- 
fied for wind loads in Section 603 (c). 


1112— 
(a) Lines 1 and 7, delete ‘working’. 


1112—Reinforced concrete walls 
(a) The allowable working stresses in reinforced concrete bearing 
walls with minimum reinforcement as required by Section 1112(i), 
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shall be 0.25f’. for walls having a ratio of height to thickness of ten or 
less, and shall be reduced proportionally to 0.15f’. for walls having 
ratio of height to thickness of twenty-five. When the reinforcement 
in bearing walls is designed, placed and anchored in position as for tied 
columns, the allowable working stresses shall be on the basis of Section 
1104, as for columns. In the case of concentrated loads, the length of 
the wall to be considered as effective for each shall not exceed the center 
to center distance between loads, nor shall it exceed the width of the 
bearing plus four times the wall thickness. The ratio p, shall not exceed 
0.04. 

(b) Walls shall be designed for any lateral or other pressure to which 
they are subjected. Proper provision shall be made for eccentric loads 
and wind stresses. In such designs the allowable stresses shall be as 
given in Section 305(a) and 603(c). 

(c) Panel and enclosure walls of reinforced concrete shall have a 
thickness of not less than five inches and not less than one thirtieth the 
distance between the supporting or enclosing members. 

(d) Bearing walls of reinforced concrete in building of fire-resistive 
construction shall be not less than six inches in thickness for the upper- 
most fifteen feet of their height; and for each successive twenty-five 
feet downward, or fraction thereof, the minimum thickness shall be 
increased one inch. In two story dwellings the walls may be six inches 
in thickness throughout. 

(e) In buildings of non-fire-resistive construction bearing walls of 
reinforced concrete shall not be less than one and one-third times the 
thickness required for buildings of fire-resistive construction, except 
that for dwellings of two stories or less in height the thickness of walls 
may be the same as specified for buildings of fire-resistive construction. 

(f) Exterior basement walls, foundation walls, fire walls and party 
walls shall not be less than eight inches thick whether reinforced or not. 

(g) Reinforced concrete bearing walls shall have a thickness of at 
least one twenty-fifth of the unsupported height or width, whichever 
is the shorter; provided however, that approved buttresses, built-in 
columns, or piers designed to carry all the vertical loads, may be used in 
lieu of increased thickness. 

(kh) Reinforced concrete walls shall be anchored to the floors, columns, 
pilasters, buttresses and intersecting walls with reinforcement at least 
equivalent to three-eighths inch round bars twelve inches on centers, for 
each layer of wall reinforcement. 

(¢) Reinforced concrete walls shall be reinforced with an area of steel 
in each direction, both vertical and horizontal, at least equal to 0.0025 
times the cross-sectional area of the wall, if of bars, and 0.0018 times the 
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area if of electrically welded wire fabric.* The wire of the welded fabric 
shall be of not less than No. 10 W. & M. gage. Walls more than ten 
inches in thickness shall have the reinforcement for each direction placed 
in two layers parallel with the faces of the wall. One layer consisting 
of not less than one-half and not more than two-thirds the total required 
shall be placed not less than two inches nor more than one-third the 
thickness of the wall from the exterior surface. The other layer, com- 
prising the balance of the required reinforcement, shall be placed not 
less than three-fourths inches and not more than one-third the thickness 
of the wall from the interior surface. Bars, if used, shall not be less than 
the equivalent of three-eighths inch round bars, nor shall they be spaced 
more than eighteen inches on centers. Welded wire* reinforcement for 
walls shall be in flat sheet form. 

(j) In addition to the minimum as prescribed in 1112(i) there shall 
be not less than two five-eighths inch diameter bars around all window 
or door openings. Such bars shall extend at least’ twenty-four inches 
beyond the corner of the openings. 

(k) Where reinforced concrete bearing walls consist of studs or ribs 
tied together by reinforced concrete members at each floor level, the 
studs may be considered as columns, but the restrictions as to minimum 
diameter or thickness of columns shall not apply. 


CHAPTER 12—FOOTINGS 
1201—Scope 
(a) The requirements prescribed in Sections 1202 to 1209 apply only 
to isolated footings. t 


1202—Loads and reactions 

(a) Footings shall be proportioned to sustain the applied loads and 
induced reactions without exceeding the allowable stresses as  pre- 
scribed in Sections 305 and 306, and as further provided in Sections 1205, 
1206 and 1207. 

(b) In eases where the footing is concentrically loaded and the mem- 
ber being supported does not transmit any moment to the footing, com- 
putations for moments and shears shall be based on an upward reaction 
assumed to be uniformly distributed per unit area or, per pile and a 
downward applied load assumed to be uniformly distributed over the 
area of the footing covered by the column, pedestal, wall, or metallic 
column base. ' 

(c) In cases where the footing is eecentrically loaded and/or the 
member being supported transmits a moment to the footing, proper 


*Expanded metal has been omitted until a specification can be formulated. 
+The committee is not prepared at this time to make recommendations for combined footings —those 
supporting more than one column or wall. 
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allowance shall be made for any variation that may exist in the intens- 
ities of reaction and applied load consistent with the magnitude of the 
applied load and the amount of its actual or virtual eccentricity. 

(d) In the case of footings on piles, computations for moments and 
shears may be based on the assumption that the reaction from any 
pile is concentrated at the center of the pile. 


1203—Sloped or stepped footings 

(a) In sloped or stepped footings, the angle of slope or depth and 
location of steps shall be such that the allowable stresses are not ex- 
ceeded at any section. 

(b) In sloped or stepped footings, the effective cross-section in com- 
pression shall be limited by the area above the neutral plane. 


(c) Sloped or stepped footings shall be cast as a unit. 


1204—Bending moment 

(a) The external moment on any section shall be determined by 
passing through the section a vertical plane which extends completely 
across the footing, and computing the moment of the forces acting 
over the entire area of the footing on one side of said plane. 

(b) The greatest bending moment to be used in the design of an 
isolated footing shall be the moment computed in the manner prescribed 
in Section 1204 (a) at sections located as follows: 


1. At the face of the column, pedestal or wall, for footings sup- 
porting a concrete column, pedestal or wall. 

2. Halfway between the middle and the edge of the wall, for 
footings under masonry walls. 

3. Halfway between the face of the column or pedestal and the 
edge of the metallic base, for footings under metallic bases. 


(c) The width resisting compression at any section shall be assumed 
as the entire width of the top of the footing at the section under con- 
sideration. 

(d) In one-way reinforced footings, the total tensile reinforcement at 
any section shall provide a moment of resistance at least equal to the 
moment computed in the manner prescribed in Section 1204(a); and 
the reinforcement thus determined shall be distributed uniformly across 
the full width of the section. 

(e) In two-way reinforced footings, the total tensile reinforcement 
at any section shall provide a moment of resistance at least equal to 
eighty-five per cent of the moment computed in the manner prescribed 
in Section 1204(a); and the total reinforcement thus determined shall 
be distributed across the corresponding resisting section in the manner 
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prescribed for square footings in Section 1204(f), and for rectangular 
footings in Sec. 1204(g). 


(f) In two-way square footings, the reinforcement extending in each 
direction shall be distributed uniformly across the full width of the 
footing. 


(g) In two-way rectangular footings, the reinforcement in the long 
direction shall be distributed uniformly across the full width of the 
footing. In the case of the reinforcement in the short direction, that 
portion determined by formula (30) shall be uniformly distributed 
across a band-width (B) centered with respect to the center line of the 
column or pedestal and having a width equal to the length of the short 
side of the footing. The remainder of the reinforcement shall be uni- 
formly distributed in the outer portions of the footing. 

_ Reinforcement in band-width (B) Ane 2 (30) 
Total reinforcement in short direction + * 2") eee 

In formula (30), “S”’ is the ratio of the long side to the short side of the 
footing. 


1205—Shear and bond 

(a) The critical section for shear to be used as a measure of diagonal 
tension shall be assumed as a vertical section obtained by passing a 
series of vertical planes through the footing, each of which is parallel 
to a corresponding face of the column, pedestal, or wall and located a 
distance therefrom equal to the depth d for footings on soil, and one- 
half the depth d for footings on piles. 

(b) Each face of the critical section as defined in Section 1205(a) 
shall be considered as resisting an external shear equal to the load on 
an area bounded by said face of the critical section for shear, two 
diagonal lines drawn from the column or pedestal corners and making 
45° angles with the principal axes of the footing, and that portion of 
the corresponding edge or edges of the footing intercepted between the 
two diagonals, 

(c) Critical sections for bond shall be assumed at the same planes 
as those prescribed for bending moment in Section 1204(b); also at 
all other vertical planes where changes of section or of reinforcement 
oceur, 

(d) Computations for shear to be used as a measure of bond shall 
be based on the same section and loading as prescribed for bending 
moment in Section 1204(a). 

(e) The total tensile reinforcement at any section shall provide a 
bond resistance at least equal to the bond requirement as computed 
from the following percentages of the external shear at the section: 
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1. In one-way reinforced footings, 100 per cent. 
2. In two-way reinforced footings, 85 per cent. 

(f) In computing the external shear on any section through a foot- 
ing supported on piles, the entire reaction from any pile whose center 
is located six inches or more outside the section shall be assumed as 
producing shear on the section; the reaction from any pile whose 
center is located six inches or more inside the section shall be assumed 
as producing no shear on the section. For intermediate positions of 
the pile center, the portion of the pile reaction to be assumed as pro- 
ducing shear on the section shall be based on straight-line interpolation 
between full value at six inches outside the section and zero value at 
six inches inside the section. 

(g) For allowable shearing stresses, see Section 305 and 808. 


(h) For allowable bond stresses, see Section 305 and 901 to 905. 


1206—Transfer of stress at base of column 


(a) The stress in the longitudinal reinforcement of a column or 
pedestal shall be transferred to its supporting pedestal or footing 
either by extending the longitudinal bars into the supporting member, 
or by dowels, 

(b) In case the transfer of stress in the reinforcement is accomplished 
by extension of the longitudinal bars, they shall.extend into the sup- 
porting member the distance required to transfer to the concrete, by 
allowable bond stress, their full working value. 

(c) In cases where dowels are used, their total sectional area shall 
be not less than the sectional area of the longitudinal reinforcement 
in the member from which the stress is being transferred. In no case 
shall the number of dowels per member be less than four and the 
diameter of the dowels shall not exceed the diameter of the column 
bars by more than one-cighth inch. 


(d) Dowels shall extend up into the column or pedestal a distance 
at least equal to that required for lap of longitudinal column bars 
(see Section 1103) and down into the supporting pedestal or footing 
the distance required to transfer to the conerete, by allowable bond 
stress, the full working value of the dowel. 

(e) ‘The compressive stress in the concrete at the base of a column 
or pedestal shall be considered as being transferred by bearing to the 
top of the supporting pedestal or footing. The unit compressive stress 
on the loaded area shall not exceed the bearing stress allowable for 
the quality of concrete in the supporting member as limited by the 
ratio of the loaded area to the supporting area. 


(f) For allowable bearing stresses see Table 305(a), Section 305, 
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(g) In sloped or stepped footings, the supporting area for bearing 
may be taken as the top horizontal surface of the footing, or assumed 
as the area of the lower base of the largest frustum of a pyramid or 
cone contained wholly within the footing and having for its upper base 
the area actually loaded, and having side slopes of one vertical to two 
horizontal. 


1207—Pedestals and footings (plain concrete) 

(a) The allowable compressive unit stress on the gross area of a 
concentrically loaded pedestal shall not exceed 0.25f’.. Where this 
stress is exceeded, reinforcement shall be provided and the member 
designed as a reinforced concrete column. 

(b) The depth and width of a pedestal or footing of plain concrete 
shall be such that the tension in the concrete shall not exceed .03f%,, 
and the average shearing stress shall not exceed .02f’. taken on sections 
as prescribed in Section 1204 and 1205 for reinforced concrete footings, 


1208—Footings supporting round columns 

(a) In computing the stresses in footings which support a round or 
octagonal concrete column or pedestal, the “face”? of the column or 
pedestal shall be taken as the side of a square having an area equal to 
the area enclosed within the perimeter of the column or pedestal. 


1209—Minimum edge-thickness 

(a) In reinforced concrete footings, the thickness above the reinforce- 
ment at the edge shall be not less than six in. for footings on soil, nor 
less than twelve in, for footings on piles. 

(b) In plain concrete footings, the thickness at the edge shall be 
not less than eight in. for footings on soil, nor less than fourteen in, 
above the tops of the piles for footings on piles. 
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The adsorption isotherms obtained from hardened cement paste are 
identical in several respects with those obtained from other materials 
that are very different in chemical and physical properties. For example 
when glass spheres‘* or oxide-coated cathodes of radio tubes are ex- 
posed to nitrogen vapor (at the temperature of liquid air), or when a plane 
mercury surface is exposed to CCl, vapor (11 C), the adsorption curves 
obtained are of the same type as those for water vapor on cement paste. 
Also, the same type of curve is obtained when crystalline solids such as 
titanic oxide, stannic oxide, zine oxide or pulverized quartz are exposed 
to water vapor at room temperature™. Moreover, curves of the same 
type may be obtained with different vapors on the same solid, 

The similarities just mentioned exist not only among materials that 
are not porous, that is, materials on which adsorption is confined to 
the visible surfaces, but also among many porous solids having negligible 
superficial surface areas. With suitable vapors the following materials, 
some porous, some not, all give the same type of isotherm: building 
stone; cotton” ®; asbestos fibre; wood"; wood pulp“; carbon 
black”); titania gel, ferric oxide gel, rice grains“; cellophane”; bone- 
char”; cellulose” ; silica gel” ; proteins”; soils“ ; wool®”), 

It appears therefore that the curves found for portland cement paste 
are not characteristic of the particular substances composing the paste 
but represent some factor common to many dissimilar substances. We 
will see in what follows that this common factor is probably nothing other 
than a solid surface that has an attraction for the adsorbed substance, 


B.E.T. THEORY 


Various theories have been advanced to explain the taking up of 
gases and vapors by solid materials, Among the most recent, and at 
present the most useful, is the theory of Brunauer, mmett and ‘Teller, 
(21, 22) known as the multimolecular-adsorption theory, or the B.f.T. 
theory for brevity. It is beyond the scope of this paper to discuss the 
B.E.T. theory in full; reference should be made to Brunauer’s book 
or to the original papers for an adequate treatment. However, it is 
necessary to review here the main features of the theory, 

The theory rests on a concept advanced earlier by Langmuir. ‘The 
taking up of a gas by a solid is considered to be the result of a physical 


attraction between the molecules of the gas and the surface molecules of 


the solid.t This field of force is believed to arise from three different 


*Hee references end of Part 4, 
(Chemical reaction with the solid is not excluded by the theory but it will not be considered here. 
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causes, or to be made up of three different forces that are known collec- 
tively as van der Waal’s forces. Hence, the process under discussion is 
called van der Waal’s adsorption. ‘These forces are of a lesser order of 
intensity than those involved in most chemical reactions, but they 
may be effective over greater distances. 

A solid surface exposed to a continuous bombardment of gas molecules 
catches and holds some of the gas molecules, at least momentarily. More- 
over, When the gas is also a vapor such as water, the molecules caught on 
the surface are in a condensed state and may be considered as a separate 
phase. Hence, when they are adsorbed, the molecules must give up 
their latent heat of vaporization. Besides this, adsorption usually is 
accompanied by a further evolution of heat which may be said to repre- 
sent the energy of interaction between the solid and the condensed sub- 
stance; this is called the net heat of adsorption. 

Some of the adsorbed molecules acquire enough kinetic energy to 
escape from the force field of the solid surface. The over-all result is a 
continuous interchange between the surface region and the interior of 
the vapor phase, but the average molecular concentration at the solid 
surface remains higher than that of the interior of the vapor phase by 
virtue of the surface attraction. 

The derivation of the mathematical statement of the theory starts 
with the assumption that the rate of condensation is directly proportional 
to the frequency of impact between the solid and the vapor molecules, 
which frequency is proportional to the vapor pressure when temperature 
is constant. The rate of evaporation is expressed as a function of the 
amount of energy a condensed molecule must acquire to escape from a 
particular situation in the condensed phase, In the derivation of the 
mathematical expressions that have found use, only two situations of a 
molecule in the condensed phase are recognized: (1) a molecule may 
be condensed on bare surface; (2) a molecule may be condensed on a 
layer of previously condensed molecules. It is assumed that a molecule 
in the second situation can escape when it acquires energy exactly equal 
to its heat of vaporization; a molecule in the first situation must acquire 
a different (usually greater) amount of energy to escape. In other 
words, the net heat of adsorption is assumed to be zero for all molecules 
notin the first layer.* 

The theory requires that at any given vapor pressure the amount 
adsorbed is directly proportional to the surface area of the solid. 

A logical extension of the assumptions made in the derivation is 
that at the saturation pressure there is no limit to the number of layers 
that might be condensed on an open surface. 
heer unauer, Finmett, and ‘Teller have published an equation representing the assumption that the net 
eat of adsorption from the second layer also differs from sero. ‘Thin equation includes also the assumption 


that the packing of molecules ia different in the firet from that in the succeeding layers. Thia equation does 
hot appear to have found use (See Hef, 21, p, 414) 
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The most widely used mathematical statement of the theory is the 


following expression: 
w an C(p/ps) Rt 
Van (1 — P/Ps) (1 fie p/Ds 4. C(p Ds) ) eth a) alk ‘ola a hie ae 


in which 


w = quantity of vapor adsorbed at vapor pressure p 
Vm = quantity of adsorbate required for a complete condensed 
layer on the solid, the layer being 1 molecule deep 
p = existing vapor pressure 
Pp, = pressure of saturated vapor 
C is a constant related to the heat of adsorption as follows: 
Qi — Qt 
C=ke kf? 


where 
k is a constant assumed to be 1.0 in computations. 
Q, = normal heat of condensation of the vapor per mole of vapor 


Q, = total heat of adsorption per mole of vapor 

(Q: — Q.) = net heat of adsorption per mole of vapor 
R-= the gas constant 

T = absolute temperature 

e = base of natural logarithms 


Owing to the assumptions made in the derivation, eq. (A) would 
be expected to hold only for adsorption on exterior surfaces. It could 
hardly be expected to hold for surfaces on the interior of a porous solid 
where unlimited adsorption would obviously be impossible. Brunauer, 
Emmett, and Teller recognized this and introduced another constant 
n which was intended to be the maximum number of layers adsorbed. 
The resulting four-constant equation does not fit any known data from a 
porous adsorbent over the whole pressure range. However, Pickett®® 
discovered a way to improve the derivation of the B.E.T. four-constant 
equation and supplied a better expression. This equation has the same 
four constants as the original. It fits many adsorption curves over about 
90 percent of pressure range. In some cases it conforms to the extremes, 
but in the middle range the theoretical curve is above the experimental. 
There are also many curves that this equation does not fit in the high- 
pressure range. One reason for this will be explained in connection with 
the theory of capillary condensation, discussed below. 

In general, the four-constant equations did not prove to be very 
useful in this study; hence, they are not given here. However, the three- 
constant eq. (A) can be used to represent the low-pressure part of the 
curve precisely. Of the three constants, p, is the same for all curves 
and C is the same for most of them. Consequently, in most cases ad- 
sorption characteristics can be represented by V,, alone. 
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THE THEORY OF CAPILLARY CONDENSATION 


Condensation of vapor in a porous cement paste seems to be most 
adequately explained by a combination of a theory based on the energy 
available at the solid surface, such as the B.E.T. theory discussed above, 
and a theory based on energy available at the surface of a liquid, the 
capillary-condensation theory. 

The capillary-condensation theory rests on the fact that the surface 
of a liquid is the seat of available energy. The molecules at the surface 
of a liquid not being completely surrounded by other molecules of like 
kind are under an inwardly directed intermolecular force. When a given 
body of water is changed in shape so as to increase its surface area, work 
must be done against the forces tending to draw the molecules out of the 
surface. Consequently, when left to itself, a small body of liquid tends 
to become spherical, since that is the form giving a minimum of surface. 

This phenomenon has an effect on the vapor pressure of the liquid. 
How this comes about can be seen by considering the behavior of water 
in a small glass cylinder, as shown in Fig. 3-1. The solid curve at the top 


| 


























Fig. 3-1 


represents the meniscus of the water surface. Owing to the surface 
tension, which strives to straighten the meniscus, that is, to reduce its 
curvature and thus reduce the surface area, the water in the vessel is 
under tension. Consequently, the vapor pressure of the water in the 
tube will be less than normal for the existing temperature. The greater 
the curvature of the meniscus, the greater the tension in the water and 
hence the lower the vapor pressure. The relationship between surface- 
curvature and vapor pressure was worked out by Lord Kelvin. It may. 
be written 
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where 
P., = vapor pressure over plane surface at temperature 7’, the 
saturated vapor pressure 


p = the existing vapor pressure over a concave surface 
0 = surface tension of liquid 
d, = density of liquid 


M = molecular weight of liquid 

R = the gas constant 

7’ = absolute temperature 

r = radius of curvature of the circular meniscus 


Under the conditions pictured in Fig. 3-1 the greatest curvature that 
the liquid can have is limited by the radius of the container. When 
the liquid surface has this curvature, the liquid can be in equilibrium 
with only one vapor pressure, p, corresponding to the radius of curvature 
r, a8 given in eq. (1). If the pressure of the vapor is kept below p, all 
the liquid in the vessel will evaporate. If the pressure is maintained 
above p, some vapor will condense, increasing the amount of water in the 
vessel, But under the conditions pictured, condensation would lessen the 
curvature of the liquid as indicated by the dotted line and there would be 
a corresponding rise in the equilibrium vapor pressure. If the vapor 
pressure is kept equal to the saturation pressure, that is, the maximum 
possible over a plane surface at the existing temperature, condensation 
will proceed until the tube fills and the surface curvature disappears 
(r = o), 

The minimum relative vapor pressure at which the liquid in the 
vessel can retain its meniscus depends on the maximum possible curvature 
of the meniscus, This in turn depends on the bore of the cylinder, 
Table 3-1 gives an idea of the curvature required to produce a given 
effect on vapor pressure, 

The main point to note in Table 3-1 is that the surface must have 
a high degree of curvature to produce an appreciable effect on the vapor 
pressure of the liquid. For example, if the radius of curvature is 0.1 
micron, the vapor pressure is 99 percent of the normal value, p,. A 
radius of curvature of 0.0015 micron would reduce the pressure to 50 
percent of p,. The figures given should not be taken too literally; they 
are undoubtedly in error through the low-pressure range, for the equation 
takes no account of the fact that the physical properties of the liquid 
are affected by capillary and adsorption forces. ‘The table serves only to 
indicate what the order of magnitude of the curvatures must be when 
capillary condensation occurs. 

An “adsorption curve” of almost any shape could easily be accounted 
for by the capillary condensation theory. The simplest approach is to 
imagine first that the voids in a porous solid are cylindrical pores of 
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TABLE 3-1—RELATIONSHIP BETWEEN AQUEOUS 
RELATIVE VAPOR PRESSURE AND RADIUS OF CURVATURE 


Calculated from Kelvin’s Equation—-Temperature = 25 C 


Relative vapor Radius of curvature 
pressure, p/p. of meniscus 
cm microns 

0.10 4.6 x 10-4 0005 
0.20 6.6 x 10-5 0007 
0.30 8.8 x 10-5 0009 
0.40 11.5 x 10-5 0012 
0.50 15,2 x 10-5 OOL5 
0,60 20.8 x 10-5 0021 
0.70 29.5 x 10-* 0030 
0.80 47.2x 10% 0047 
0.90 100.0 x 10°* 0100 
0.95 204.0 x 10°" 0204 
0.98 532.0 x 10-5 0532 
0.99 1052.0 x 10-8 1052 
1.00 oo oo 


various sizes and that when a cylinder is partly filled, the radius of 
curvature of the liquid meniscus equals the radius of the cylinder, At a 
given pressure p, all cylinders smaller than the corresponding r (see 
eq. 1) would become or remain full and all larger than r would become 
or remain empty. The shape of the curve would therefore depend on the 
range of sizes present and the total capacity of each size. 

This simple analogy led Freyssinet @® and others before him to con- 
sider an adsorption curve to be a means of ascertaining pore-size distribu- 
tion in systems of submicroscopic pores. However, a naturally formed 
porous solid so constituted is hardly conceivable. It is much more likely 
that the pore spaces resemble those in an aggregation of particles. The 
shapes of the particles may be spherical, fibrous, or between these ex- 
tremes. Capillary condensation could occur in the interstices in the 
manner illustrated in Fig, 3-2. At the point of contact between two 
spheres there is a space of wedge-shaped cross section, Condensation 
in this space would form a circular lens around the point of contact and 
the liquid would present a curved surface. Similarly, where two prismatic 
bodies make contact, water condensed in the region of contact would 
present a curved surface, somewhat as shown, 

In the circumstances pictured, the water surface would have two 
curvatures. Hence, in this case Kelvin’s equation would take the general 


form 
aM | | 
ln p/D,y : ( | ) (2) 
f f d, R - ry rs 


r, and ry are the principal radii of curvature, 


where 
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For the conditions shown in Fig. 3-2 one of the r’s would be negative, 

Since the structure of paste is probably granular, fibrous, or perhaps 
plate-like, it is evident that Kelvin’s equation provides no simple way 
of computing the size of the pores; it only gives the effective curvature 
of the water surface. It can, however, explain the condensation of vapor 
in a porous solid, and we will see evidence in the data indicating that a 
part of what is here called adsorbed water in cement pastes is taken up 
by capillary condensation. 


COMBINING THE B.E.T. AND CAPILLARY 
CONDENSATION THEORIES 

When adsorption of a vapor occurs in a porous solid of granular or 
fibrous structure, the liquid surfaces are certain not to be plane. They 
will be concave, at least in some regions. Therefore, the free surface 
energy of the solid and the free surface energy of the condensed liquid 
must both be causes of condensation. * 

Brunauer, Emmett, and Teller tried to take this factor into account 
by adding a fifth constant representing the release of the surface energy of 
the liquid when two adsorbed layers merge®®. This five-constant 
equation is very unwieldy and it embodies the assumption questioned by 
Pickett®®. Also, it rests on the oversimplifying assumption that ad- 
sorption is occurring only between plane parallel surfaces. 

By the B.E.T. theory, vapor would be expected to condense uniformly 
over all the available surface. But in a porous body, the surface tension 
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of the liquid must influence the distribution of the condensed water, 
whether it is primarily responsible for the condensation or not. Thus, 
in Fig. 3-2, B.E.T. adsorption could lead only to a uniform layer of con- 
densate around each sphere, but surface tension would require the liquid 
to collect as shown, for the condition pictured is the most stable one 
possible under the circumstances. This follows at once from the fact 
that if the liquid shown in the lens were spread evenly over the two 
spheres, the total surface area of the liquid would be increased and the 
work done would be equal to the product of the increase in area and the 
surface tension of the liquid. 

If, as assumed in the B.E.T. equation, only the snolecules in the 
first layer lose more than their heat of condensation, then all but the 
first layer should tend to collect in the lens. However, Harkins and 
Jura” have shown that the adsorption forces probably affect: more than 
the first layer. Therefore, the net heat of adsorption probably represents 
the heat from several layers. This being true we can expect the adsorbed 
layer to vary in average thickness with the curvature of the liquid 
meniscus, the greater the curvature the greater the tendency for ad- 
sorbed molecules to collect in the lens. 

On account of the effect of liquid surface tension the relationship 
between water content and vapor pressure depends on the characteristics 
of the pore system. Since the characteristics of the pore system are not 
predictable from any adsorption theory, it follows that no general equa- 
tion can be expected to apply to all porous bodies over the whole pressure 
range. Since, however, no appreciable capillary condensation is to be 
expected below about 0.4p,, general theories may be expected to apply 
in this low range of vapor pressures. 

As will be seen, little quantitative use is made of these theories, except 
the B. E. T. eq. (A) applied to the range p = 0.05 p, to 0.40 p,. How- 
ever, many features of the interpretations given rest on the theories 
described above. That is, it was possible to use the theories qualita- 
tively even where the mathematical expressions intended as expressions of 
the theoretical concepts were found to be inadequate. 


Effect of soluble salts on adsorption curves 


The foregoing discussion is based on the assumption that the adsorbed 
liquid is pure water. However, in hardened portland cement paste the 
water will contain dissolved salts, principally Ca(OH)., NaOH and KOH.* 
At any given water content the observed reduction in vapor pressure is 
‘ due not only to the capillary and surface effects described above, but 
also to the dissolved salts. The magnitude of the effect of the dissolved 
salts can be estimated from the vapor-pressure isotherms of the salt 


*Because of its low solubility, Ca(OH): can be ignored. 
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solutions and the amount of dissolved alkali in the sample of hardened 
paste. 


Vapor-pressure data “*) for aqueous solutions of NaOH and KOH are 
given in Fig. 3-3. The lowering of vapor pressure due to the alkalies can 
be determined from these curves, for any given concentration of the 


alkalies. 


The amount of dissolved alkali in hardened paste probably varies 
considerably among the different samples. Sample No. 254-11-2 is con- 
sidered to be_representative of the average. The original mortar was 
prepared from cement 15758 (w,/c = 0.46) and was cured 28 days in 
water. The cement originally contained 0.3 percent Na,O and 0.4 per- 
cent K;,0 which, in g/g of cement, corresponds to 0.0019 and 0.0024 
of NaOH and KOH, respectively. An unknown portion of these alkalies 
undoubtedly remained in the unhydrated cement and can be considered 
insoluble for the present purpose. Some of the soluble alkali was 
leached from the sample during the 28-day period of water curing. There 
is also reason to believe that some of it was adsorbed by the solid phase 
and thus cffectively kept from the solution. Hence, the sample as tested 
must have contained considerably less than 0.004 g of soluble alkali 
(total of NaOH and KOH) per g of cement. The adsorption isotherm 
from this sample is given in Fig. 3-4, upper curve. This curve pre- 
sumably represents the combined effect of surface adsorption, capillary 
condensation, and dissolved alkali. The lower curve in Fig. 3-4 shows 
the amount of water that could have been held by 0.004 g of sodium 
hydroxide at any given relative vapor pressure above about 0.07 p,, 
the vapor pressure of a saturated solution of sodium hydroxide at 25 C. 
(See Fig. 3-3.) Since the actual amount of alkali must have been less 
than 0.004 g, the amount of water that could have been held by the 
alkali alone would be represented somewhere below the curve as drawn. 


It thus becomes apparent that at pressures below about 0.8 p, only 
a very small part of the total water taken up by this cement paste could 
be accounted for by the dissolved alkalies. In the range of higher 
pressures, the possible effect of the alkali is greater. As p/p, approaches 
1.0, the amount of water that could be held by the alkali approaches 
infinity. Since, however, the topmost point of the curve is established 
by saturating the granular sample with liquid water, its position is 
determined by the capacity of the sample and the assumption that, at 
saturation, p/p, = 1.0. In this case the capacity of the sample was 0.33 
g of water per gram of original cement. With 0.004 g of alkali in 0.33 g of 
evaporable water the relative vapor pressure would be slightly below 1.0. 


Since the effect of the alkali is small, no correction for its effect has 
been attempted; the topmost point is always plotted at p/p, = 1.0, and 
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all other points are treated as if their positions were determined by 
surface adsorption and capillary condensation only. 

Differences in the amount of soluble alkali among various samples, 
within the range that might reasonably be expected, probably have little 
effect on the lower part of the curve, the part that is used in the analyses 
presented below. However, such differences probably produce consider- 
able effects on the shapes of the upper parts of the curves and hence 
contribute to the difficulty of interpreting the upper parts. 

To minimize the effect of dissolved alkali, most of the specimens were 
stored in water for the first 28 days of their curing period to leach some 
of the alkali from the specimens. Longer periods of water storage were 
avoided because of undesirable leaching of Ca(OH )s. 


APPLICATION OF THE B.E.T. EQUATION (A) 
Method of evaluating C and V,, 
The constants C and V,, were evaluated in the manner recommended 
by Brunauer, Emmett, and Teller. Eq. (A), written in the form 
l x ] C- 1 
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give a straight line. The slope of the line will be = ‘ and the inter- 
cept on the y-axis will be 1/V,,C. The application of this method to 
data from cement pastes is illustrated in Fig. 3-5 and in Tables 3-2 
and 3-3. Two of the four diagrams represent data obtained by the air- 
stream method, and the others represent data obtained by the high- 
vacuum method. 


TABLE 3-2—TYPICAL DATA FOR COMPUTING V,, AND C 


Data obtained by air-stream method — 





' w 
D/Ds | g/g of =z a a 
(= 2) dry paste 1 -2 | w l-z 


Ref. 254-11- 11—Ce ement 16213 


























0.081 | 0.0189 0.088 4.65 
0.161 0.0253 0.192 7.60 
0.238 | 0.0298 | 0.312 10.45 
0.322 | 0.0362 | 0.475 131 
0.360 | 0.0395 0.562 14.2 
0.530 | 0.0503 1.128 22 4 
Ref. 254-9-15A- 180—Cement 15365 § 
0.09 | 0.0267 0.099 | .-—. 
0.20 | 0.0348 0.250 7.18 
0.36 | 0.0464 0.562 | 12 1 
0.47 | 0.0539 | 0.887 16.5 
eee RPS he Fe aS a ad onal 
Ref. 254-9-15A-270A— € ement 15365 
0.081 | 0.0187 | 9.0873 | 4.68 
0.161 | @0me | 0.192 | 7.27 
0.238 | 0.0310 | 0.312 | 10.0 
0.322 | 0.0359 | 0.475 | 13.2 
0.360 | 0.0400 | 0.563 14.1 
0.530 | 0.0500 | 1.127 | 22.6 





C and V,, can be computed conveniently from the intercept on the 








z-axis and from the ordinate at x = 0.5. Thus, when rat. a 0, 
wl—z 
C =i <2 and when z = 0.5, V,, = i+¢ w. In Fig. 3-5A we see that 
x 2C 

when -  - 0,2 = — 0.053 and when z= 0.5, 1/w = 19.3. 
wl-—z 

Therefore, 
ee eens and V,, eee Se ee QT 

0.053 2x198 19.3 








eit 


Sow Ss eo 











PHYSICAL PROPERTIES OF HARDENED PORTLAND CEMENT PASTE 481 





























































































































































































24 T T 24 T T | T 
Ref. //-// ° Ref. 9-/5A 6mo |} ° 
Cement 162/3 Cement 15365 | | 
20}-— % = 0.443 paeatagndl LA 20l- We = 0.294 $+ —— | 
Air-Strearn Method | Air-Stream Method | 1 
of | 
16 | 16 60Z at 
a j 2 
n 08 ® SAK 
2 ~~ 12 . Ng pf Ts 12 oy ic = 
0" w x 
2 ow -~ 
®” é C 
eo; ry 5 
08 ot 8 —¢ > 
IK AO 
om ; 
> pee of ll 
F 0 AS) 
at 0 0.1 0.2 0.3 0.4 0S a "fe Ol 0.2 0.3 04 0.5 
x (=P/Ps) -.03/ x (=P/Ps) 
T T 
gol Ref 254 -18 TER BES . | | | se. 
Cement 149675 a: 
We=0./2 High-Vocuum Method 
High-Vacuum Method 
35 eae a ean ——1 toner stay 
9-/5A -/80 } 
30 —_—_}_—_—— —— — (2¢—$—$$_—$+_____1 . ad 
‘ ° 
25]- 10 acened — —— oy 
- ; » 
w ix w ix 
SY 
20+— 6}+——__+—- 9 eddeneenibell 
0 
+ 
iS at | (Cement (3723 
| K4B=/Q 
| 
10 4 RS 
o/st Adsorption | 
*2nd ” 
5 sntitepainp tain Se ae. eee aa | 
| | 
Caan @ 0.1 02 03 0.4 05 oar ° 0.1 0.2 0.3 0.4 0s 


x (=P/P,) ~ 0267 x (= p/Ps) 


Fig. 3-5—Typical plots of the kind used for evaluating C and V,, 
Data from Tables 3-2 & 3-3. 


The nomenclature used here is the same as that used by Brunauer 
et al. except that they used V for the volume of gas adsorbed, whereas 
here w is used for weight adsorbed. w is expressed either in grams per 
gram of dry hardened paste (evaporable water removed) or as grams per 
gram of original cement. Having become accustomed to thinking of V , 
as a factor proportional to surface area, we have somewhat illogically 
retained this symbol, but express it in grams instead of cc. 
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TABLE 3-3—TYPICAL DATA FOR COMPUTING V,, AND C 


Data obtained by high-vacuum method 






































| 
p/Ds g/g of zo : tee 8 
(= 2) dry paste l-z oe w l-z 
Ref. 254-18-9-15A-180—Cement 15365 
0.055 0.0227 0.05 98 2.63 
0.073 0.0249 0.0790 3.17 
0.104 0.0284 0.117 4.13 
0.193 0.0347 0.240 6.91 
0.244 0.0400 0.322 8.06 
0.349 ; 0.0455 0.534 LF 
0.472 | 0.0542 0.885 16.3 
Ref. 254-K4B-1Q—Cement 13723 
0.055 0.0369 | 0.0598 | 1.62 
0.073 0.0397 0.0790 1.99 
0.104 0.0435 | 0.117 | 2.69 
0.193 0.0540 0.240 4.40 
0.244 0.0587 0.322 5.49 
0.349 0.0686 | 0.534 7.78 
0.472 0.0819 | 0.885 10.8 
Ref. 254-18—Cement 14675 
0.064 | 0.0552 | 0.0684 1.24 
0.155 0.0646 0.1835 2.84 
0.193 | 0.0675 | 0.2395 | 3.55 
0.249 0.0720 0.3310 4.60 
0.350 | 0.0817 0.5380 6.58 
0.446 


0.0910 0.8040 8.84 


THE RELATIONSHIP BETWEEN V,. AND NON- ee WATER (w,) 
FOR SAMPLES CURED AT 70-75 F 


The quantity V,, is considered to be proportional to the internal surface 
area of the sample. Since the specific surface of microcrystalline material 
is negligible compared with that of colloidal material, V,, is also con- 
sidered to be proportional to the amount of colloidal material in the 
sample. The quantity w, represents the amount of non-evaporable 
water in both colloidal and non-colloidal material. Therefore, if a given 
cement produces the same kind of hydration products at all stages of its 
hydration, the ratio V,,/w, should be constant for any given cement 
under fixed curing conditions. However, the ratio of colloidal to non- 
colloidal hydration products should be ies cted to differ among cements 
of different chemical composition. Hence, the ratio V,,/w, should be 
different for different cements. 
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V,, and w, are plotted for several different cements and different 
mixes and ages, in Fig. 3-6 and 3-7. The points in most of the diagrams 
show a considerable amount of scatter. Some of this is due to random 
experimental vagaries and some of it is apparently due to variations in 
drying conditions discussed earlier. 

In view of the fact that the variations show no consistent influence 
of the original water-cement ratio or of the age of the sample, the rela- 
tionships indicate that for any given cement the ratio V,,/w, is inde- 
pendent of age or water-cement ratio. 

If the points fell on a straight line through the origin, that would 
indicate that the ratio of colloidal to non-colloidal products is precisely 
the same at all stages of hydration. The data are not sufficiently con- 
cordant to indicate definitely whether this is so or not. There is some 
reason to believe that the reactions during the first few hours cannot 
produce exactly the same products as those that occur later. Partic- 
ularly, the gypsum is usually depleted within the first 24 hours and thus 
the reactions involving gypsum cannot occur at later periods. 

If calcium sulfoaluminate as produced in paste is non-colloidal, the 
ratio of colloidal to non-colloidal material should be lower during the 
first 24 hours than it is at any later time. The effect on the graph would 
be that of causing the proportionality line that holds for the later ages to 
cut the w,-axis to the right of the origin. As said before, the plotted 
data do not indicate definitely where the intercept should be. They do 
indicate, however, that if the intercept is to the right of the origin, it 
is nevertheless near the origin, as indeed it should be in view of the 
relatively small amount of calcium sulfoaluminate that is formed. To 
simplify the handling of the data, we have assumed that the line passes 
through the origin and thus have considered the ratio of colloidal to non- 
colloidal material to be the same at all ages for a given cement. 

Fig. 3-6 represents the data from Series 254-8 and 254-9. It represents 
5 different commercial cements that had been used in experimental high- 
ways. The data on this series are the least concordant of all obtained in 
the investigation. 

Fig. 3-7 represents cements prepared from 5 other commercial clinkers. 
Different plant grinds of each clinker were blended to give each cement a 
specific surface of 1800 sq. em. per g (Wagner). 

The ratios determined for the cements in each of these two groups 
were averaged. The results are shown in Table 3-4. 

The figures in the third column give the mean values and those in 
the fourth give the probable error of the mean. Those in the last column 


give the probable error of a single test value and thus refi. t the degree 
of scatter of the data. 
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Fig. 3-6—Relationship between V,,, and w, for pastes of Series 254-9 








PHYSICAL PROPERTIES OF HARDENED PORTLANC CEMENT PASTE 





— 





485 










































































































06) r - . , r 
Cements Prepared trom Clinker 1/5498 Cements Prepored from Clinker /5623 
C35 : 62 | C3S 48 | 
2 ce, 
6 C34 . os > ole 1 T T 
CAF 7.7 CsA 4.6 | 
o CaAF 13.2 | 
J | 
04 + + ” 4 + + 
o® “ | 
} } % 
. 
| | \O 4 | 
03 | t vee 03) } 
| | WD _ 
| (A) “ f 
02 + { I 02 | ; 
| | © Cement /5758 | | Cement 56 
* «1S 495A | 5623 2% 50s 
| 
01 1 to © «/S498-15620KS0, 0 T 
ov | } 
+e } | 
” | 
0 i i 
@ ‘o 04 08 12 16 20 24 0) 04 08 12 6 24 
a. Wn-grams per gram of dry paste 
J).06 ~ ; 
u Cements Prepored from Clinker 15670 Cements Prepared from Clinker /5367 , 
Uv C3557 | C35 46 
C25 52 CeS 28 
G 05 C3A 2.4 t 0S CsA 443 
te) CaAF = §.7 CaAF 6.7 
n 04 
c. | 
oO) 
03 03 
‘. | 
oY (c) 
Qa | | | 
ce | 02 7 } : : 
4) | » Cement 15763 ; | © Cement /5754 
‘ | . ~ 16/98 YY | . (62/3 
| 52/4 
© 4 7 ‘5699 | 4 ¢ 
._ 2 » 1§670-28%50, ™ [ [5367 -.5% &2.4% $0, 
o | | 
| 
! 0 yt A re) rt 
0 04 08 12 16 20 24 0 04 08 12 6 20 24 
n= Wn- grams. per gram of dry paste 
06 am r 
Cements Prepared from Clinker 15699 
C35 98 | 
os CoS 29 j 
CsA 10 | 
Ca Ar 16 x 
04 + } } hd 
| ae 
6 oh 
03 } + \% | 
} 
(E) 
02 + + + t- 
© Cement 1576/ 
01 | Ps ‘ §$699-45% 620250, 
} | 
| | 
} 
P ae te 
0 04 08 2 16 20 24 


Wn grams per gram of dry paste 


Fig. 3-7—Relationship between V,, and w, for pastes of Series 254-11 and 254-13 
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TABLE 3-4—MEAN VALUES OF V,,./w, FOR 
TWO GROUPS OF CEMENTS 





; | | | 

ASTM | Mean value | Probable error | Probable error 

Cement classifi- of of mean | of single value 
No. cation* Vin/Wn 


Series 254-9 


14930J IV | . 304 


00392 0176 
150073 II 272 | 00216 “0089 
150113 Il 272 | 00242 “0102 
150133 I 244 00259 | 0107 
15365 I | 254 | 00239 O11 

Series 254-11 

15498 Ill 248 00131 003 
15623 Il 271 00405 008 
15670 IV 295 | 00411 O10 
15367 I 258 00244 006 
15699 I | 262 00203 004 


*ASTM designation C-150-40T. The classification here is based only on the computed quantities of the 
four major compounds. ‘The surface area requirements are not met in all cases. 











To evaluate the effect of composition, the assumption was made that 
the form of the relationship would be 
Vin 


Wn 


= A(% CS) + B(% CS) + C(% CsA) + D(% CAP) 


The values of the coefficients were determined first from 200 items of data 
representing about 50 different cements. Then, owing to the fact that 100 
of these items represented only 5 cements (Series 254-9), a second analysis 
was made excluding the data from Series 254-9. The results of the two 
analyses were as follows:* 

For 200 items of data: 

00208(%C38) +  .00826(%C.8)+  .00251(%C;A) 

| + 00006 + 00004 + QOO16 
+ .00549(%C,A a 

+ 00030 

For 100 items of data: 
a .00230(%C38) + .00320(%C.8) + .00317(%C;A) 


Eq. (3): re a 


Ww n 


Hq. (4): 


Wn + 00012 + .00006 + (00016 
+ .00368(%C,AF) 
+ 00046 


The two equations give similar coefficients for C.S and C;S but con- 
siderably different coefficients for C;A and C,AF. However, applied to 
the same cements, the computed results are not far different, except for 


*See footnote, Part 1, page 121. 
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certain compositions. This is shown by the data given in Table 3-5. 
Here the observed mean values of V,,/w, for the cements appearing in 
Fig. 3-6 and 3-7 are compared with values computed from composition. 
It appears that the value of V,,/w, can be computed from composition 
with fairly satisfactory accuracy by means of either equation. However, 
eq. (4) probably gives the more correct evaluation of the effect of varia- 
tions in composition, since individual cements appear in the analysis 
with approximately equal weights. 

The influence of composition as given by eq. (4) is illustrated in Table 
3-6. 

The results given in the last column of the table show that the in- 
fluence of composition on this ratio is not very large. The variation 
occurs mainly among those cements whose compositions differ from the 
average chiefly in C;S, C,AF or both. 


TABLE 3-5—COMPARISON OF OBSERVED AND 
COMPUTED VALUES OF V,, /w» 


Vin/W» computed from 
compound composition 


Cement ASTM Mean V»,/wn — 
No. type observed Kq. (3) Eq. (4) 
15013J I 0.244+0.003 0.253 0.256 
15365 I 0.254 =0.002 0.255 0. 260 
15367 * I 0.258 + 0.002 0.253 0.258 
15699 I 0. 262 +0.002 0.254 0.255 
Average 0.254 0.254 0.256 
15007J II 0.272 +0.002 0.269 0. 264 
15011J II 0.272 +0.002 0.263 0.257 
15623 * II 0.271 +0.004 0.284 0.272 
Average 0.272 0.272 0. 264 
14930 IV 0.304 +0.004 0.298 0.286 
15670* IV 0.295 +0.004 0.284 0.281 
Average 0.300 0.291 0.284 
15498* II] 0.248+0.001 0.243 0.249 


*This item represents all cements made from this clinker. 


The theoretical significance of the coefficients of eq. (3) or (4) found 
by the method described is not certain, mainly because of the lack of 
definite knowledge concerning the chemical composition of the hydration 
products. The data support arguments given elsewhere to the effect 
that the hydration products of the alumina-bearing compounds are not 
microcrystalline as they are when these compounds are hydrated alone 
in an abundance of water; instead, the coefficients for C;A and C,AF, 
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TABLE 3-6—INFLUENCE OF CHEMICAL COMPOSITION ON V,, ‘w, 





Computed compound composition Computed 
percent by wt. 
Type of —— —\— - " pm a 
composition C38 CS C3A C,AF Wy “q. (4) 
Type I Normal C;A 45 29 9.7 7.5 0.255 
High C;A 45 28 14.0 5.0 0.256 
Type II High iron 41 29 5.4 14.8 0.259 
High silica 40 41 6.4 9.7 0.279 
Type III Normal C;A 59 13 10.4 7.6 0.238 
High C;A 59 13 14.0 5.0 0.240 
Type IV High iron 25 48 6.2 13.8 0.282 
High silica 33 54 7 ee | 5.8 0.277 


taken literally, indicate that, per gram of compound, these compounds 
contribute to the total surface area of the hydration products, that is, to 
Vm, as much as or more than do the two silicates, which are known to 
produce colloidal hydrates. In any event, the analysis shows that how- 
ever the Al.O0; and FeO; enter into combination in the hydration prod- 
ucts, they must appear in solids having a high specific surface. 

The coefficient of C;S is less than that of C.S. This result is com- 
patible with the data of Bogue and Lerch showing that both compounds 
produce a colloidal hydrous silicate, but only C;S produces micro- 
crystalline Ca(OH)... The indications are that Ca(OH), does not de- 
compose under the drying conditions of these experiments. Hence, the 
occurrence of Ca(OH), contributes to w, but contributes very little to 
V2 


THE SPECIFIC SURFACE OF HARDENED PASTE 


Computation of surface area 

From the derivation of the B.E.T. equation it follows that the surface 
area of the adsorbent should be equal to the product of the number of 
adsorbed molecules in the first layer and the area covered by a single 
molecule. Hence, when JV, is expressed in grams per gram of adsorbent 
(dry paste), 


where 
S = the surface area of the adsorbent, sq. em. per g 
a, = the surface area covered by a single adsorbed molecule 
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N = 6.06 x 10%, the number of molecules in a gram-molecular wt. 
(Avagadro’s number) * 

M = molecular weight of the adsorbed gas. 

The value of a, has been estimated in several ways. Livingston ® 
found a value for water of 10.6 x 10-'© sq. cm. per molecule. Gans, 
Brooks, and Boyd“ used the same figure. Emmett” gave a formula for 
computing a, from the molecular weight and density of the condensed 
vapor which gives nearly the same result if the normal density of water 
is used. As will be shown, values for molecular area obtained in this way 
when introduced into eq. (5) actually give surface areas S that are in 
close agreement with the results obtained by other procedures. Hence, 
for water we may write, 


g = 10.6 X 10- s _X 6.06 X 108 Ld = 


18 
+ +e Bo oe eS Sf Peer err reer eres ore e er (6) 


Verification of surface areas as computed from V,, 

Gaudin and Bowdish" used pyrex-glass spheres calibrated by micro- 
scope measurements. Low temperature adsorption of nitrogen gave 
almost exactly the same specific surface as that computed from the mean 
size of the spheres. Harkins and Jura‘) developed a method of measuring 
surface area by first covering particles with a complete film of adsorbed 
water and then measuring the heat evolved when the particles were 
immersed in water. The results obtained by this method were com- 
pared with those from the B.E.T. method for 60 different solids. For 
58 of the 60 solids the areas by the Harkins and Jura method differed 
from those obtained by the B.E.T. method by no more than 9 percent. 
Emmett'®: *!: 38) presented an extensive array of data showing that where- 
ever particle size can be checked directly, as with the electron micro- 
scope, the results of the B.E.T. method look reasonable, to say the least. 
Because of such evidence as this, the B.E.T. method has been put to 
use by many investigators during the past few years. 

The examples cited above were chosen from experiments made on 
solids that are non-porous. It is believed that V,, also gives the internal 
surface area of porous solids, provided that the molecules of the adsorbate 
are small enough to penetrate the pores and reach all parts of the surface. 
The fact that V,, is evaluated from data in the low pressure range only, 
and hence where capillary condensation in the pores is not a factor, 
supports this belief. With respect to cement paste, the pores are con- 
sidered to be the spaces vacated by evaporable water when the sample is 
dried. The drying may be accompanied by irreversible shrinkage so that the 

*6.023 x 10% is now the accepted value for Avagadro’s number. This did not come to our attention until 


all the computations were completed. Since other factors are uncertain, it did not seem worth while to 
make the slight corrections indicated. 
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dried sample may not faithfully represent the original paste. The extent 
of the irreversible alteration is not known but it is considered to be small, 
Evidence of this is found in the fact that the total pore space, as measured 
by the total evaporable water, is not greatly altered by the drying; 
in fact the data indicate that it is increased. (See Table 9, Part 2.) 
Hence, V,, is considered to give the internal surface area of the solid 
phase in the dried samples. If drying affects the measured surface area, 
it would probably be in the direction of making it smaller. 

In the remainder of this discussion it is assumed that V,, as determined 
in this investigation is proportional to the surface area of the solid phase. 
It will be seen that this assumption leads to highly significant results. 
Thus the assumption seems justifiable. 


Results from hardened paste 
The magnitudes of the surface areas and the rates at which surface 
develops during hydration as computed from eq. (6) are indicated by 


Table 3-7. 


The figures pertain to the whole solid phase; that is, they are based 
on the combined weights of the hydration products and residue of 
original clinker. Therefore, the specific surface of the hydration products 
is higher than the highest figure given except any that might represent 
completely hydrated cement. 


Specific surface in terms of w, 
Since V,, = kw,, the specific surface of a paste can be computed if w, 
is known, and if k for the particular cement is known. That is, 


S bei ) 
SA Aaa ee (7) 
c c 
S ae 
- = 35.7 x 10%k ieee kee ea Se Ls (8) 
Wn 
Also 
S _ 385.7x 108k w, — 35.7 x 10°k w,/c (9) 
oa ae rae |S age ee ( 


Eq. (7) gives the surface area per unit of original cement, and eq. (9) 
gives it per unit of dry paste. 


For the types of cement given in Table 3-6 the surface area per unit 
weight of non-evaporable water is as given in Table 3-8. 


The non-evaporable water content may lie anywhere between zero 
and about 0.25 g per g of cement. Hence, according to these equations 
the specific surface may lie between zero and about 2.1 to 2.5 million 
sq. cm. per g of original cement. 
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TABLE 3-7—TYPICAL FIGURES FOR SPECIFIC 
SURFACE OF HARDENED PASTE 


Specific surface of paste for cements 


| 
pods 
indicated; w,/c = 0.45 (approx.) 
Period | 14930) | 15761 | 15365 | 15013J 
of | CS 23% CS 45% | CS 45% CS 40% 
hydra- | C:A 6% C;A 10% C;A 138% C3A 14% 
tion, | 
days | Millions of sq. em. per g of: 
| cement | dry cement | dry | cement | dry | cement | dry 
| paste | paste | paste | paste 
7 0.76 | 0.71 1.21 | 1.06 | 1.32 | 1.13 
4 6| «1.02 | 0.92 1.55 1.32 1.50 1.28 
-_ t Qan 1 £8 1.75 1.48 1.94 1.64 1.71 1.46 
— A Eige 4° 2cB6 1.96 1.62 1.89 1.57 
90 1.89 | 1.62 1.96 1.62 2.02 | 1.66 2.04 1.67 
180 awe 1. a o.46 |. Eg 2.07 1.69 
365 2.10 1.76 


TABLE 3-8—SPECIFIC SURFACE OF 
HARDENED PASTE IN TERMS OF NON-EVAPORABLE WATER CONTENT 


Type of 


cement Vn/W, (= k) S/wn 
Type Il Normal C;A 0.261 9.3 x 10° 
High CsA 0. 256 9.2x 108 
Type II High iron 0.259 9.3 x 10° 
High silica 0.279 10.0 x 10° 
Type III Normal C3A 0. 238 8.6 x 10° 
Type IV High iron 0.282 10.1 x 10° 
High silica 0.277 9.9 x 108 


Of course it cannot be literally true that S = 0 when w, = 0, since 
the initial surface area is that of the original cement. As measured 
by adsorption, the specific surface of unhydrated cement is much higher 
than that measured by methods previously used. Using a cement having 
a specific surface of 1890 sq. em. per g (Wagner), Emmett and DeWitt» 
found a surface area of 10,800 sq. em. per g by the nitrogen-adsorption 
method. By the air-permeability method, this cement would show 
about 3500 sq. em. per g, which is probably close to the true macroscopic 
surface area. The difference between the macroscopic surface area and 
that as measured by adsorption might be due to microscopic, or sub- 
microscopic, cracks in the clinker grains. Surfaces of such cracks would 
be measured by the adsorption method, but not by the other. Since such 
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cracks have not been commonly reported, it seems more likely that the 
difference is due to a slight coating of hydration products on the grain 
surfaces. As shown above, an average cement shows about 9.3 x 10° sq. 
em. per g of non-evaporable water. Hence, to account for the 7400 
sq. cm. difference between the two results, it is only necessary to assume 
that the cement had hydrated to the extent of 


—. = 800 x 10° g of non-evaporable water per g of cement, 
9.3 x 108 
or 0.08 percent of the weight of the cement. Such a small amount of 
hydration could easily occur during the normal handling of a sample 
during humid weather. 
Whether the true surface area of the cement is of the order of 3000 
or 10,000, it is clear that the initial surface area is negligible compared 
with that which finally develops. 


THE SPECIFIC SURFACE OF STEAM-CURED PASTE 


The effects of high-temperature steam-curing on the adsorption char- 
acteristics of cement paste were shown in Part 2, p. 300. In terms of the 
B.E.T. theory, the effects are as follows: 


Ref. 14-4 Ref. 14-6 


Normal Steam 
curing curing 
c 15.4 20 
Vm, g/g of cement 0.037 0.0020 
Vm, g/g dry paste 0.032 0.0018 
Sp. surface, sq. cm. per g of cement, 
millions 1.32 0.071 
Sp. surface, sq. cm. per g of dry paste, 
millions 1.15 0.062 
Vin/Wn 0.241 0.012 
Wn, g/g of cement 0.1537 0.1615 


The figures for V,, and specific surface of the steam-cured specimen 
are probably not very accurate because of the extreme smallness of the 
amounts of water taken up in the low-pressure range. The order of 
magnitude relative to the normally cured material is probably correct, 
however. The result indicates that all but about 5 percent of the colloidal 
material was converted to the microcrystalline state by high-temperature 
steam curing. 
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w/V, CURVES 


The samples of hardened paste used in these studies contained unde- 
termined quantities of unhydrated material. Consequently, the weight 
of the adsorbent material could not be ascertained directly, a circumstance 
that increases the difficulty of interpreting the ‘adsorption data. The 
problem was simplified by expressing the amount of adsorption, w, in 
terms of the surface area of the solid phase. Since the surface area is 
proportional to V,,, the ratio w/V,, could be used without computing the 
surface area. 

Typical w/V, curves are shown in Fig. 3-8. The uppermost curve 


represents the paste in a mortar specimen having w/c = 0.587, cured six 
months; the middle curve represents the paste from a richer mortar 
specimen of the same age, w/c = 0.439. The lowest curve represents 


the data given in the first group of Table 3-9. These data include water- 
cement ratios ranging from 0.12* to 0.32 by weight. The table shows 
that after long periods of curing and for w/c within this range, w/V» 
is virtually the same for all samples at all vapor pressures. (In the 
lower range of pressures, w/V,, is always the same for all samples except 
for the effect of differences in C.+) The triangular points plotted in 
Fig. 3-8 represent the average values from this group. 


+ 





























T T } 
- 
© Ref 9-14, = .$87 by wt 
6 . 9-15, "lc* .439 t wh. = 0.439 
4 See Toble 29 and text Ret 9-/4 
| 7 Cement /5365 
cured Werf /80 days 
S y , 
Age / day - 
6 + 
4 | 28 doy 
Nn / 5 t + 
s | | | of “Non /80 days 
t ° 
Z 4 
LI} 
4 ’ 
‘ 
f 
3 ¥- 
o 
4 } ag 
} | é ai 
1 J. Z 
2 3 + 5 6 7 8 9 1,0 + 
p/P, 1 i 
Fig. 3-8 (above)—Effect of original w/c 
on w/V,, curves 
7 . . 0! rl 4 > 
Fig. 3-9 (right)—Effect of wet-curing D . = oe = 
on w/V., curves p/P, 


*This very dry paste was molded by means of a press. ; 
+See discussion in Part 4: “Significance of C of the B.E.T. Equation.” 
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In Fig. 3-9 the effect of prolonging the period of wet-curing on a given 
paste is shown together with the lowest curve of Fig. 3-8 for comparison. 


Minimum porosity and the cement-gel isotherm 

Considering Fig. 3-8 and 3-9 together we may conclude that the 
densest paste possible contains a pore-volume equal to the volume of the 
quantity of adsorbed water represented by about 4V ». 

The shape of the lowest curve in Fig. 3-8 also seems to represent a 
limit that is approached as the pastes are made denser. Hence, for 
brevity we will call the lower curve of Fig. 3-8 the cement-gel isotherm 
or just gel-curve, when the meaning is clear. The part of the total 
evaporable water equal to 4V,, will be called gel-water. 

When a paste is such that at saturation it contains a quantity of 
evaporable water equal to 4V,,, we may infer that all the originally 
water-filled spaces has become filled with porous hydration products. 
Thus, in such a paste the space outside the unhydrated clinker residue 
has only the porosity of the cement-gel itself. 

When a paste is such that at saturation it contains a quantity of water 
exceeding 4V,,, the excess over 4V,, is believed to occupy residual space 
outside the cement-gel. Water occupying this space is called capillary’ 
water in this discussion. It should be understood that this distinction 
between capillary water and gel-water is arbitrary, for some of the gel- 
water may be taken up by capillary condensation and is thus not different 
from the rest of the capillary water so far as the mechanism of adsorption 
is concerned. The distinction is justified by the fact that, in a saturated 
paste, the quantity of gel-water always bears the same ratio to the 
amount of gel, whereas the water called capillary water can be present 
in any amount according to the porosity of the paste as a whole. 

Fig. 3-8 and 3-9, which are typical of all other w/V,, curves obtained, 
show that among various samples any increase in pressure up to about 
0.45 p, is always accompanied by approximately the same increment of 
adsorption, regardless of differences in porosity.* From this we may 
infer that the capillaries (the spaces outside the gel) do not begin to 
fill at pressures below about 0.45 p,. At higher pressures, however, 
a given increment in pressure will be accompanied by an increment. of 
adsorption that is larger the greater the porosity of the sample. This 
may be taken as direct evidence of capillary condensation. The amount 
of water held by capillary condensation at any given pressure is repre- 
sented by the vertical distance of the point in question above the gel- 
curve. 

These ideas can be represented by a model such as is illustrated in 
Fig. 3-10. In A the shaded areas represent cross sections of spherical 


*Such differences as there may be are due to differences in C of eq. (A), as is explained in Part 4. 
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Fig. 3-10 


bodies of cement gel with non-colloidal particles (microcrystalline hy- 
drates and unreacted cement) embedded in them. Between the bodies 
is interstitial space containing capillary-condensed water, here pictured 
as lenses around the sphere-to-sphere contacts. The wAter content of the 
system is assumed to be below saturation, as indicated by the curvature 
of the lenses. At saturation, the interstitial space would be filled with 
capillary water, making the total water content equal to 4V,, plus the 
volume of capillary water. 

Thus, if we consider the system pictured in Fig. 3-10A to be the sample 
represented by the upper curve of Fig. 3-8, at equilibrium with the 
pressure p = 0.8 p,, the water content of the spheres (the gel-water) 
would be 2.44 Vm, the capillary water would be 0.56 V,,, making a total 
of 3.00 V,,. At saturation the gel-water would be 4V,, and the capillary 
water 2.83 V,,, making a total of 6.83 V,,. 

Fig. 3-10B represents a paste at the same stage of hydration as that 
represented in 3-10A but with a lower original w/c. Here the spheres of 
gel have merged into one body, eliminating all capillary water. The 
lowest w/V,, curve in Fig. 3-8, the cement-gel isotherm, would correspond 
to this case. 


Estimation of pore- and particle-size 
With data obtained from specimens containing no capillary space (as 
defined above) we can estimate the order of size of the elements of the 
solid phase and of its characteristic pores. Pore-size can be estimated 
from the hydraulic radius 
Hydraulic radius = m = yemune of pores _ 
; area of pore-walls 
Pore volume is the space occupied by evaporable water and, ina 
paste without capillary space, this is equal to the volume of the gel 
water, i.e., the volume of 4V,,. The area of the pore-walls is given by 
eq. (6). 
S = 35.7 x 10° V,, 





W 
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Hence, 
4V nv 
m= Tee eer Bans ee 
35.7 x 10°V,,, 
where 
v, = specific volume of the gel-water. 


It will be shown later than the specific volume of the gel-water is about 
0.90. Hence, 

4 x 0.90 
m= — - = 10.01 x 10-5 cm 

30.7 x 108 
or approximately 10A.* 

The average size of a pore in the gel having a given hydraulic radius 
can be estimated by assuming that the cross section of the pore resembles 
a rectangular slit. Let b, h, and L be the width, thickness, and length, 
respectively, of the slit. Then ; 

hbL - hb 
(2h + 2b)L 2(h + b) 
Solutions of this equation for various values of h and b are given below: 
h.= b - m=1/46 


h = 2b ; m=1/3b 
h = 4b ; m= 4/10b 
h=10b ; m = 10/226 


h = 100b ; m = 100/202 b 


Thus, as h/b is made larger, m approaches \% b as a limit. This means 
that the width of the pores is at least twice and at most four times the 
hydraulic radius. Since m was given as about 10A, it follows that the 
average pore is from 20 to 40A across, probably closer to 40A than to 
20A if the particles are other than spherical. 

The order of size of the colloidal particles cannot be computed directly 
because there is no way to correct for the volume of non-colloidal material, 
i.e., microcrystalline hydrates and unhydrated clinker. However, it is 
of interest to estimate the size without such correction since the volume 
of non-colloidal hydrates is relatively small and data are available for 
samples containing very little unhydrated clinker. The estimate is made 
by finding the size of spheres in an aggregation of spheres that would 
have the same total volume and surface area as dry hardened paste. The 
size of sphere is given by the relationship 





*A = Angstrom unit = 10-8 cm 
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where 
r = radius of sphere in cm 
S’ = surface area in sq. cm per cu. cm 
Ss’ = d,S 
where 
d, = density of dry paste, g per cu. em 
and S = surface area of dry paste, sq. cm per g. 
For a typical paste cured at least 6 mo., 
d, = 2.44 g per cu. cm. 
S = 1.8 x 10° sq. em. per g 
3 
r= 
2.44 x 1.8 x 10° 
say 70A. 


This indicates that if the solid phase were an assemblage of equal 
spheres, each sphere would have a diameter of about 140A. The units 
of colloid material are probably smaller than this, but not very much 
smaller since most of the hydration product is colloidal and since there 
was probably little unhydrated material in the specimen on which this 
estimate is based. 


= 68x 10% em, 


These figures give a picture of a material made up of solid units averag- 
ing about 140A in diameter, with interstices averaging say 20 to 40A 
across. This should, of course, be taken only as an indication of the 
order of size of the elements of the fine structure. It indicates, for 
example, the necessary resolving power of a microscope capable of dif- 
ferentiating these features of hardened paste. 


+ + * # * 


It is hardly necessary to add that the authors hold no belief that the 
gel develops as spheres or that the pores are rectangular slits of uniform 
cross section. Those assumptions were made only for convenience of 
illustration and computation. The bodies of hardened gel could be in 
the form of submicroscopic plates, filaments, prisms, or of no regular 
form at all. However, as developed above, the evidence points to the 
conclusion that the gel is a solid having a characteristic porosity. 


Data on relative amounts of gel-water and capillary water 

The relative amounts of gel-water and capillary water in saturated 
samples at various stages of hydration are shown in Fig. 3-11 and 3-12, 
for the materials of Series 254-9. The shaded portion of each column 
represents gel-water and the open portion capillary water. These charts 
bring out again the fact that for specimens of sufficiently low water- 
cement ratio, prolonged curing eliminates all capillary water. 
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In several instances there is an indication that the ratio of capillary 
to gel-water increases after a minimum is reached. Whether this is 
real or the result of experimental vagaries cannot be told without further 
experiment. If it is real, it might be due to the leaching of soluble ma- 
terial from the paste during the curing period. Such leaching would be 
expected to increase the porosity of the paste. It might also be due to a 
coarsening of the gel-texture by the formation of microcrystals at the 
expense of colloids. If so, the change is of considerable significance. 
Present data warrant no conclusions on this point. 


There is a rather definite indication that the gel is able to fill but a 
limited amount of space, regardless of the length of the curing period. 
This is brought out in Fig. 3-13, where w,/V,, (w, = evaporable water) 
at saturation is plotted against w/c for all specimens cured 180 days or 
longer. This shows again that the minimum possible evaporable water 
content is about 4V,, and further that all samples having original water- 
cement ratios greater than about 0.32 by weight will contain some 
capillary water. The empirical relationship illustrated can be repre- 
sented approximately by the equation 

ee w= 12.2 (w/c 0.32) | w/e = 0.32 
where 
w, is the capillary-water content of specimens cured 6 months or more. 


SUMMARY OF PART 3 


Adsorption isotherms for water on hardened portland cement pastes 
show the same characteristics as those for vapors on many different 
organic and inorganic materials, 

The process of adsorption and the conditions for equilibrium are ex- 
plained in terms of the Brunauer-Emmett-Teller (B.E.T.) theory and 
the capillary condensation theory. 

The B.E.T. eq. (A) is used for representing data over the range p 
0.05 p, to 0.45 p,. The equation is 


w cx | (A) 
if (1 r) x cr) 
where 
w = weight of evaporable water held at equilibrium with pressure p, 
V, = quantity of water required for a complete condensed layer on 
the solid, the layer being 1 molecule deep on the average, 
C = a constant related to the heat of adsorption, 


x = p/p, where p, = saturation pressure and p the existing pressure. 
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or longer 


V, and C can be readily evaluated from experimental data and p, 
is a constant depending on temperature. C is about the same for all 
pastes. Hence differences in adsorption characteristics are indicated by 
differences in V ». 

The non-evaporable water content, w,, is regarded as proportional 
to the total amount of hydration products. Since V,, is porportional to 
surface area and since practically all the surface is that of the colloids, 
Vm is considered to be proportional to the colloidal material (gel) only. 

The ratio V,,/w, is considered to be a constant for any given cement. 
It is influenced by compound composition about as follows: 

Vm _ 9.00230 (%C8) + 0.00320 (%Ca8) + 0.00817 (%CyA) 4 

Wn 
0.00368 (%C,AF) 

Among the different types of cement V,,/w, varies from about 0.24 to 
0.28. 

The above equation implies that the hydrate of each compound is 
colloidal or at least that all compounds occur as constituents of a com- 
plex colloidal hydrate. 

The specific surface of hardened paste can be computed from the 
relationship S = 35.7 x 10° V,,. It increases with the period of curing 
and reaches about 2 million sq. em per g of original cement. 
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The specific surface of the hardened paste is related to w, as follows: 
© = 35.7 x 10°k, 
Wy 
where k is a constant for a given cement. Among the different types 
of cements, S/w, ranges from about 8.6 x 10° to 10 x 10°. 

None of the relationships given above apply to paste cured at high 
temperature. Under steam pressure a sample cured 6 hours at 420 F 
showed only 0.07 x 10° sq. em. of surface per g of cement, as compared 
with 1.3 x 10° for a paste cured 28 days, or about 2.0 x 10° for long curing, 
at room temperature. 

When adsorption data are expressed in terms of w/V,, and p/p,, the 
result is an isotherm based on the relative amount of gel. .Such curves 
are virtually identical for all cement pastes over the pressure range p = 
0.05 p, to 0.45 p,. 

For pastes in which the total evaporable water content is about 4V 
the curves are identical for the whole pressure range. 


my 


For pastes having capacity for evaporable water exceeding 4V,,, the 
excess is taken up over the pressure range p = 0.45 p, to p = p,. 

The evaporable-water capacity is smaller the lower the original water- 
cement ratio and the longer the period of curing, but it cannot be re- 
duced below about 4V,,,. 

Evaporable water in excess of 4V,, is believed to occupy interstitial 
space not filled by gel or other hydration products. The water in this 
space is called capillary water. The rest of the evaporable water is held 
within the characteristic voids of the gel and is called gel-water even 
though some of it might have been taken up by capillary condensation. 

When the total evaporable-water capacity 4V,,, the specimen con- 
tains no space for capillary water. 

From the surface area of the solid phase, and its characteristic porosity, 
the average pore in the densest possible hardened paste is estimated to 
be from 20 to 40A across. 

From the volume of the solid phase and its surface area, the order 
of particle size, expressed as sphere diameter, is estimated at 140A, 

Data on the relative amounts of gel-water and capillary water in 
various samples are given graphically. 
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43rd Annual Convention, February 24-26, 1947 


The Cincinnati convention program under development by the Publi- 
cations Committee approaches crystallization in an array of timely and 
important papers and reports. Some items are emerging; others are in 
the making; some still to be selected. An excellent program seems assured. 

An important factor of “team rivalry” is again being used toward a 
top notch final program within time limitations. Five sessions are to 
be built from the results of the present exploration of a number of highly 
discussable subjects. The final choice of convention offerings will be 
made by the committee from the contributions in hand before mid- 
January. For the very earliest (the limit, early December), pre-convention 
publication may be important for the development of that discussion 
which adds so much to meeting-room interest. Other material too late 
for preview before final program decisions will of course be considered 
promptly for subsequent JouRNAL publication. 

Thus, as this goes to the printer (November 22) for the December 
JOURNAL, it seems possible to announce that the Institute’s publication 
program for the next half year (including the convention program and 
other papers and reports too late for the convention) will include the 
following: 


Building code 

The report of Committee 318, Standard Building Code, (p. 401 this 
JOURNAL) presenting proposed revision of “Building Regulations for 
Reinforced Concrete (ACI 318-41)”, always of widespread interest 
because the ‘ACI Code’’ sets the pattern for so many building laws in 
this country and abroad, will have a prominent spot on the program. 
As announced by Chairman Boase and Secretary Zipprodt for Com- 
mittee 318, the present proposed revisions are chiefly matters of simplifi- 
eation and clarification. In the current publication of the report, con- 
vention consideration is assured. 


Houses 

Technological advances in the application of concrete to the solution 
of the pressing nation-wide housing problem have spurred the present 
effort to bring the record to date in short, timely papers on this sub- 
ject. Several are promised. It is hoped some will be available in time 
to be scheduled for the Cincinnati meeting. In any event they seem 
certain to find a place in JouRNALs of early 1947 and in turn inspire dis- 
cussion with revelation of further facts of large public importance. 


Grouting 
Several aspects and applications of the techniques of grouting have the 
current attention of considerable talent in writing papers on foundation 
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grouting, contraction grouting in large concrete dams, oil well grouting, 
tunnel grouting, and possibly, railroad track grouting. 


Bond 
Two papers seem to be assured on bond of reinforcing steel, with 
another one or two in prospect. 


Destructive agents 

Several prospective papers are to cover such aspects of durability of 
concrete as: durability of concrete as influenced by cement, aggregates 
as a destructive agent, destructive agents as contained in sewers and 
water supplies, sulfate resistant cement, and possibly, the effect of sea 
water on portland cement concrete. 


Concrete surfaces 

A session is proposed on concrete surfaces with papers on cracks, erosion 
studies and their corrective measures, abrasion, painting, precast orna- 
mental concrete, finishing air-entraining concrete, and floors for hard 
wear. 


Precast concrete 

For a proposed session on precast concrete, papers are expected on 
precast concrete units, precast concrete in building construction and air 
entrainment in concrete masonry units, and possibly a paper on a con- 
crete block designed to be used like sheet piling. 


Research 

Based on its popularity in recent years, the Research Session organized 
by Prof. S. J. Chamberlin, secretary, Committee 115, is considered a 
“Must.” 


*” + * * * 


Although Cincinnati hotel facilities are believed to be ample, and the 
headquarters hotel, the Netherland Plaza, promises full cooperation 
toward individual accommodations, Members and others planning to 
attend the convention should do their part with early requests for 
reservations. This is the first meeting in Cincinnati since 1923 and it is 
expected that many will take advantage of its central location to attend 
the meetings; become acquainted with the Institute and its long-time 
regulars. Members from the mid-south especially are urged to attend, 
those who have not always had as convenient an opportunity to attend 
an ACI convention without a long trip. 

More positive announcements of the convention program in the 
January ACI News Letter. 
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ACI Awards Announced 


Acting on the report of its Medals Award Committee, the Board of 
Direction announces: 

To Morton O. Withey, Dean of the College of Engineering, University 
of Wisconsin:* the Henry C. Turner Medal (founded in 1927 by Past 
President Turner) “to be awarded annually but not more often, for 
notable achievement in or service to” the field of concrete.t The Medal 
is of gold and is accompanied by a certificate of award which, in the 
present instance will bear this citation: 

“in recognition of forty years of outstanding contributions 
to our knowledge and understanding of concrete and reinforced 
concrete.”’ 

To Gerald Pickett, Professor of Applied Mechanics, Kansas State Col- 
lege*, the Leonard C. Wason Medal for the year’s “most meritorious 
paper” on the basis of his 

“Shrinkage Stresses in Concrete”’ 
published in the ACI Journat January and February 1946. The bronze 
medal, suitable inscribed, is accompanied in its presentation by a certifi- 
cate of the award. 

To Charles E. Wuerpel, Chief of the Concrete Research Division, U. §. 
Waterways Experiment Station, Clinton, Miss.*, the Leonard C. Wason 
Medal for noteworthy research as reported in his paper 

“Laboratory Studies of Concrete Containing Air-Entraining 
Admiztures”’ 
published ACI Journat, February 1946. The bronze medal, suitably 
inscribed, is accompanied in its presentation by a certificate of the award. 

The Wason Medals were founded by Past President Wason (the In- 
stitute’s second President 1915-16) in 1917. 

To J. W. Kelly* and B. D. Keatts*, associate professor of civil engi- 
neering, University of California and engineer, Intrusion-Prepackt, Inc., 
respectively, the second American Concrete Institute Construction 
Practice Award, founded in 1944 “for a paper of outstanding merit on 
concrete construction practice.’”’ The award is based on the paper en- 
titled 

“Two Special Methods of Restoring and Strengthening 
Masonry Structures”’ 
ACI Journat, February, 1946. Messrs. Kelly and Keatts will each receive 
a certificate of award and will share equally in U. 8. Series E bonds of a 
maturity value of $300.00. 


*See brief biographical sketch in pages which follow. 

+Previous Turner Medalists: Arthur N. Talbot 1928; William K. Hatt 1929; Frederick E. Turneaure, 
1930; Duff A. Adams 1932; John J. Early 1934; Phaon H. Bates 1939; Ben Moreell 1943; John L. Savage 
1946. 
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The presentation of these awards will be from the hands of President 
Gonnerman at the Institute’s 43rd Annual Convention at Cincinnati, 
February 24 to 26, 1947. 





The Medalists 


Morton O. Withey—Turner Medal 

Morton O. Withey was born in Meridian, Conn. October 25, 1882. In 
1904 he received his B.S. degree from Dartmouth College and in 1905 
his civil engineering degree from Thayer School of Civil Engineering 
(connected with Dartmouth College). 

During his senior and post-graduate years at Dartmouth, he was 
an assistant in graphics and in surveying and for four months in the 
summer of 1904 an apprentice at the North Works of the Illinois Steel 
Co., Chicago. 





Dean Withey has been associated continuously with the University of 
Wisconsin since September 1905, beginning as an instructor and holding 
successively positions of assistant professor, associate professor, professor, 
chairman of the department of mechanics and since June 29, 1946, Dean 
of the College of Engineering. 

Aside from his teaching Dean Withey has been active in research in 
the fields of masonry materials, cement, concrete, reinforced brickwork, 
masonry and mortar. From 1924 to 1931 he was in charge of the research 
program on structural steel columns for the steel column research com- 
mittee of the American Society of Civil Engineers. During the years 
1926 to 1937 he served as chairman of the committee on yield points and 
structural steel of the A.S.T.M. and from 1932 to 1940 he conducted 
research on properties of reinforced brick masonry and masonry mortar 
suitable for such masonry. 

More recently he has been chairman of the committee on durability 
of concrete of the Highway Research Board which has been engaged 
in an experimental program to standardize freezing and thawing pro- 
cedures to be used in testing concrete. 

Dean Withey has been a member of the Institute since 1921, has been 
a member of the Advisory Committee since 1938, member of the Board 
of Direction since 1937 as Director, 1937-38, Director-at-Large, 1939-40, 
Vice-President 1941-42, and President in 1943, serving as a past president 
member of the Board since 1944. 

Dean Withey holds membership in several technical organizations in 
addition to the ACI, including Wisconsin Society of Professional En- 
gineers (past president), American Society for Testing Materials, So- 
ciety for the Promotion of Engineering Education, and the National 
Society of Professional Engineers. 
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Gerald Pickett—Wason Medalist 


Gerald Pickett was born August 29, 
1901; was graduated as an electrical en- 
gineer from Oklahoma A. & M. in 1927, 
awarded a PhD in Mechanics by the 
University of Michigan in 1938. Except 
for two years in the testing laboratory of 
the Brooklyn Navy Yard, he taught in the 
Department of Mechanics, Kansas State 
College, until 1940. In that period he 
taught advance courses in mechanics to 
graduate students in addition to the 
regular courses to the undergraduates. 

In March 1940 he joined the Basic 
Research Bureau of the Portland Cement 
Association’s Research Laboratory in 
Chicago as a research physicist. In this 
capacity his studies centered around the 
mechanics of portland cement concrete, 
particularly its behavior under sustained 
stress. On this subject he was the author 
of a paper appearing in the February 
1942 ACI Journat “The Effect of Change 
in Moisture Content on the Creep of 
Concrete under a Sustained Load.” 

He appeared in the ACI Journat April 
1945, with his ‘““Dynamic Testing of Con- 
crete.’ The paper which won him the 
Wason Medal for the ‘‘most meritorious 
paper” in Vol. 42 of the ACI Proceedings 
appeared in two parts, January and Feb- 
ruary 1946 ACI JourNAt and was entitled 
“Shrinkage Stresses in Concrete.”’ 

In September 1945 Doctor Pickett re- 
turned to the faculty of Kansas State 
College, Manhattan, Kansas, where he is 
Professor of Applied Mechanics. 


Charles E. Wuerpel—Wason 
Medalist 


Charles E. Wuerpel was born in Louisiana, 
July 26, 1906. He began his specializa- 
tion in concrete when given responsible 
charge of the construction of the concrete 
section of Bonnet Carre Spillway in 1929. 
Following its completion he had charge of 
concrete and concrete testing on the New 
Harvey Lock of the Intracoastal Canal at 
New Orleans. This was followed by a 
resident engineership at the Vermilion 
Lock Project on the Intracoastal Canal in 
southwestern Louisiana. 
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While in charge of concrete during the 
construction of Lock 26 at Alton, Ill, 
he conducted a research program dealing 
with the effect of fineness of cement upon 
the temperature rise in semi-mass con- 
crete. He was later placed in charge of 
the Concrete Research Laboratory in con- 
nection with the proposed Passamaquoddy 
Tidal Power Project during the compre- 
hensive research on resistance of concrete 
to sea water and severe frost action. 

Subsequently he was in charge of the 
Central Concrete Laboratory of the North 
Atlantic Division of the U. 8S. Engineer 
Department, U. 8S. Military Academy, 
West Point, N. Y. where in addition to 
testing the concrete placed by the U. §, 
Engineer Department in northeastern 
United States, Mr. Wuerpel assisted in the 
instruction of the graduating class in con- 
crete testing and laboratory design. 

He was the author of an ACI paper 
entitled ‘Tests of the Potential Durability 
of Horizontal Construction Joints”? which 
appeared in the January 1939 JouRNAL. 
In recent years he has done considerable 
research work with air entrainment and is 
the author of ‘‘Field Use of Cement Con- 
taining Vinsol Resin’’ (Sept. Ji. 1945) as 
well as the paper which earned him the 
Wason Medal. 

The Central Concrete Laboratory was 
recently moved to the U. S. Waterways 
Experiment Station in Clinton, Miss. and 
is now known as the Concrete Research 
Division, U. 8. Waterways Experiment 
Station. Mr. Wuerpel is chief of the new 
Division. 


J. W. Kelly and B. D. Keatts—ACI 
Construction Practice Award 

This is not the first time J. W. Kelly has 
received an ACI award. In 1934 he re- 
ceived the Wason Medal as co-author with 
R. E. Davis, R. W. Carlson and G. E. 
Troxell for the paper “Cement Investiga- 
tions for Boulder Dam With Results Up to 
the Age of One Year.”’ 

He was graduated from Purdue Uni- 
versity in 1921 following three years of 
sub-professional work in construction 
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and two years as a first lieutenant of in- 
fantry in World War I. 
he was engaged in waterworks engineering, 
making valuations and superintending 
construction. After a brief term as 
assistant in the testing materials labora- 
tory of Purdue University, he joined the 
staff of the Portland Cement Association, 
where he remained for seven years. His 
work with the Association consisted 
largely in popularizing the intelligent 
design and field control of concrete mix- 
tures by conducting “ 
engineers, architects, and contractors 
throughout the United States and Canada. 
Following a summer of field research and 
inspection for the National Sand and 
Gravel Association, he returned to Purdue 
University where as concrete specialist of 
the engineering extension department he 
prepared a practical booklet on concrete 
making for the small user of cement. In 
May 1931 he joined the staff of the Uni- 
versity of California. 


For two years 


short courses”’ for 


With Prof. R. E. Davis and other mem- 
bers of the staff, he is co-author of several 
papers on concrete, including the subject 
of volume changes, heat of cement hydra- 
tion, cement investigations for Boulder 
Dam, and high-silica cements. As chair- 
man of ACI Committee 611, he had major 
responsibility for the report. published as 
“ACI Manual of Concrete Inspection.” 
He is a member of the Institute and an 
associate member of the American So- 
ciety of Civil Engineers. 


B. D. Keatts was graduated from the 
University of Illinois in 1924 with the de- 
gree of BS in General Civil Engineering. 
His first work was in the planning and 
specification’s office of the Illinois State 
Highway Department at Springfield for 
one year, and then with the bridge de- 
partment of the Missouri Pacific Railroad 
at St. Louis where a small part of his time 
was spent in preparing plans for concrete 
structures; most of it was spent as resident 
engineer on bridge construction under 
contract. 


He also had charge of maintaining the 
railroad’s two river ferries for freight train 


service at St. Louis, Mo. and at Natchez, 
Miss. After four and a half years with 
the Missouri Pacific he went to Stone & 
Webster Engineering Corp. at Chicago 
for four years on the construction of equip- 
ment which was manufactured in the 
Chicago territory for installation in dams 
and industrial plants. 

In the depression, he found haven with 
other engineers at the Century of Prog- 
ress world’s fair at Chicago, three years 
during the construction period, two years 
of operation, and part of the demolition 
period. 

Next he was with the Portland Cement 
Associaton in the States of Illinois and 
Wisconsin making contacts with and in- 
structing engineers, technicians, and build- 
ers in the construction field. 

He has been with Intrusion-Prepakt, 
Inc. for six vears in the field, locating 
proper sources of materials and getting 
them to the various jobs, establishing new 
field, laboratory-developed methods, and 
working with customers’ engineers on 
special reconstruction problems. On 
January 1, 1946 he was given charge of 
the company’s activities in the Eastern 
States. 

Mr. Keatts has been an ACI member 
since 1942, 
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New Members 





The Board of Direction approved 86 
applications for Membership (62 Individ- 
ual, 4 Corporation, 5 Junior, 15 Student) 
received in October. 


The Membership total on November 1, 
1946, after adjustment for a few losses by 
death, resignation and for non-payment 
of dues, is 2927. 


Individual Members 


Allen, M. H., Structural Clay Products In- 
stitute, 12014 Welch Ave., Ames, Ia. 
Basta, Rud F., 1 Queen Ave., Swanwyck, 

New Castle, Del. 

Bellows, K. C., 10 S. Linden Ave., Sheri- 
dan, Wyo. 

Berry N. K., c/o U. S. Bureau of Recla- 
mation, Customs Bldg., Denver 2, Colo. 

Bierman, Sidney, 7244 Shaftesbury, Uni- 
versity City 5, Mo. 

Bonilla, Petrus Manzano, Calle Seybo No. 
21, C. Trujillo, Dominican Republic 
Booth, James J., 1600-15th St., Denver, 

Colo. 

Boyce, Vincent M., 619 W. 26th St., 
Wilmington 276, Del. 

Braunbock, Ernst, Peter Jordanstr., 17/1, 
Vienna 19, Austria 

Brewer, A. H., c/o Holabird & Root, 
Archts., 333 N. Michigan Ave., Chicago 
1, Til. 

Brooks, Boyd §8., 4827 Willett Pkwy., 
Chevy Chase 15, Md. 

Castillo, Rene M., Calle Hostos No. 16, 
Ciudad, Trujillo, Dominican Republic, 
ee 

Coornvelt, Harlan, 4648 N. Mervine St., 
Philadelphia 40, Pa. 

Di Berto, Edward T., 132 Sharon St., W. 
Medford, Mass. 

Downey, Paul W., 17 Gallatin St., N. W., 
Washington 11, D. C. 

Duke, C. Martin, Pacific Islands Engi- 
neers, Contract NOj-13626, P. O. Box 
33, c/o F. P.’O., San Francisco, Calif. 


Estelle, C., Jr., American Viscose Corp,, 
35 8. Ninth St., Philadelphia 7, Pa. 

Estevez, Carlos Santos, Cerrado 356, Rpto 
Batista, Havana, Cuba 

Field, William T., 20 Flower Bldg., Water- 
town, N. Y. 

Foss, Ray J., Civil Engineering Dept., 
University of New Mexico, Albuquerque 
N. M. 

Geymayr, Guido, c/o Sika Ltda., Casilla 
1467, Santiago de Chile 

Gelotte, Ernest N., 70 Alton Rd., Quiney 
69, Mass. 

Giardina, Anthony J., 206 De Mott Ave.. 
Baldwin, L. I., N. Y. 

Gomien, Randall L., 5401 
Cincinnati 27, Ohio 

Gross, Morris H., Concrete Curing Corp., 
8725 Puritan, Detroit 21, Mich. 

Grout, Nathan M., Leo Elliott & Asso- 
ciates, Penthouse-Citizens Bldg., Tam- 
pa, Fla. 

Hands, Stanley M., 501-5th Ave., Oakland 
6, Calif. 

Hanlon, J. R. G., 
Structural Steel 
New Zealand 

Harpold, Allan E., 925 Frick Bldg., Pitts- 
burgh 19, Pa. 


Hetzel Ave., 


c/o Reinforcing & 
Co. Ltd., Dunedin, 


Heres, Harold, 630 Louisiana Ave., Baton 
Rouge 10, La. 

Hertz, A. L., U. 8. Engineers, 2301 Grant 
St., Mobile, Ala. 

Holley, Myle J., Jr., Room 1-251, M. I. T., 
Cambridge, Mass. 

Holmes, W. H., P. O. Box 1079, Sacra- 
mento 5, Calif. 

Horn, George P., Cementos Guadalajara, 
S. A., Apartado 1404, Guadalajara, 
Jal., Mexico 

Kosman, Victor, c/o U. 8. Bureau of Re- 
clamation, Redding, Calif. 

Lain, J. S., Lain Surfacing Co., 5057 
Chatham St., Vancouver, B. C., Canada 
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Massey, Maurice Longfield, 85 Eddy Rd., 
Chatswood, N. 8. W., Australia 

McIver, A. W., P. O. Box 1945, Great 
Falls, Mont. 

Medema, Melvin R., 301 Keller Bldg., 
Grand Rapids, Mich. 

Mellor, Donald M., W. Va. Pulp & Paper 
Co., Piedmont, W. Va. 

Merrill, B. S., 284 Shrine Bldg., Memphis, 
Tenn. 

Moore, William, 110 Forsyth St., Boston, 
Mass. 
Morris, Lloyd M., Physical Laboratory, 
Penn. R. R. Test Dept., Altoona, Pa. 
Napp, Samuel, 110 W. 40th St., New York 
18, N. Y. 

Newhard, E. P., Pennsylvania-Dixie Ce- 
ment Corp., Nazareth, Pa. 

Porter, O. James, O. J. Porter & Co., 516 
Ninth St., Sacramento 14, Calif. 

Runyan, Damon O., Runyan « Slee, 
Longmont, Colo. 

Sanders, A. L. R., 53 W. Jackson Blvd., 
Chicago 4, Ill. 

Sen, B. R., Dept. of Civil Engineering, 
Iowa State College, Ames, Ia. 

Sergeant, John E., Henger Construction 
Co., 1600 Dallas Nat’l. Bank Bldg., 
Dallas 1, Texas 

Sperry, William C., 407 E. St., Copeland 
Park, Newport News, Va. 

Starkmann, A., Nesher Cement Works, 
Haifa, Palestine 

Steinbrugge, Karl V., 1304 Josephine St., 
Berkeley 3, Calif. 

Sturlesi, Benjamin, c/o Neumann Bros., 
P. O. B. 1367, Jerusalem, Palestine 


Summer, W. B., 534 Bridgeboro St., 
Riverside, N. J. 

Thomas, T. W., Dept. of Highways Lab- 
oratory, Experimental Engr. Bldg., 
University of Minnesota, Minneapolis 
14, Minn. 

Torres, Ricardo G., 12 C. O. No. 3, Guate- 
mala, C. A. 


Towne, Arthur W. H., 22 


222 Bedford Park 
Blvd., New York 58, N. 


2 
z. 


Troeger, Maurice L., 1928—38rd St., N. E. 
Washington 2, D. C. 

Weikel, S. F., Sandlass, Wieman & As- 
sociates, 107 8. Saratoga St., Baltimore 
1, Md. 

Weinberger, M. X. C., 701 Seventh Ave., 
New York 19, N. Y. 

Williams, A. W., P. O. Box 314, Mobile, 
Ala. 


Corporation Members 


Cast Stone & Concrete Federation, Vic- 
tory House, Leicester Square, London, 
W. C. 2, England (A. E. Bond) 


_ Perkins-Eaton Machinery Co., 376 Dor- 


chester Ave., S. Boston, Mass. (Parker 
Eddy) 
Rule Ltd., A. E., 1109 Millwood. Rd., 
Toronto, Ont., Canada (Albert E. Rule) 
Utah State Agricultural College, School of 
Engineering, Industries & Trades, Lo- 
gan, Utah (Dean E. Christiansen) 


Junior Members 

Finifter, Natan Rapoport, Villegas No. 
503, Havana, Cuba 

Harwood, Franklin I., 666 W. End Ave., 
New York 25, N. Y. 

Long, Forrest L. Jr., U. S. Engineer Dept., 
1209 Eighth St., Sacramento, Calif. 

Mendoza, Francisco, Villada 44, Toluca, 
Mexico, Mexico 

Nettrour, B. F., 
burgh 2, Pa. 


125 Ridge Ave., Pitts- 


Student Members 


Arnold, Mack A., Jr., Syme Hall, Box 
3579, N. C. State College, Raleigh, N.C. 

Belgin, Adil, c/o 301 W. Engineering 
Bldg., Ann Arbor, Mich. 

Brandley, Reinard W., Harvard Univer- 
sity, Graduate School of Engr., Pierce 
Hall, Cambridge 38, Mass. 

Bustamante, Guillermo Lara, P. O. Box 
1644, San Jose, Costa Rica 

Cartier, Morgan E. Jr., 254 Alumni Hall, 
Notre Dame, Ind. 
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Coyle, Robert W., 102 Sorin Hall, Univer- 
sity of Notre Dame, Notre Dame, Ind. 

Figuls, Jorge, Box No. 407, San Jose, 
Costa Riea 

Fitzgerald, J. Edmund, 23 Prospect Ave., 
Revere, Mass. 

Grippi, Vincent, 201 S. 9th Ave., Mt. 
Vernon, N. Y. 

McCarthy, Francis Finney, 6154 Wash- 
ington Ave., St. Louis, Mo. 
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Makzaumi, M. H., 621 8S. Division, Ann 
Arbor, Mich. 

Meltzer S., Abraham, Apartado 1770, San 
Jose, Costa Rica 

Mueller, Edward A., 119 Morrissey Hall, 
Notre Dame, Ind. 

Schoen, James M., 102 Sorin Hall, Notre 
Dame, Ind. 


Williams, Dameron H. Jr., The Citadel, 
Charleston, N.C. 





WHO'S WHO in this JOURNAL 





Frank E. Richart 


ACI past president who is the author of a 
paper in the Journau, “The Structural 
Efficiency of Protection Shells on Rein- 
forcement Concrete Columns” (p. 353) 
has been active in ACI since 1917 and 
needs no introduction here. 


A. Amirikian 


author of the paper, ‘Precast Concrete 
Structures,” which appears on p. 365 of 
this JouRNAL has been an ACI member 
since 1945 and is chairman of the new ACI 
committee 324, Precast Reinforced Con- 
crete Structures. Mr. Amirikian was 
graduated from Cornell University in 
1923. After five years experience with 
various fabricating shops, he entered 
government service in the Bureau of 
Yards and Docks, Navy Department. 
Presently he is Head Designing Engineer, 
and for the past ten years he has been in 
charge of the special design section on 
buildings, welding, bombproofing, and 
floating structures. In this capacity he 
has been responsible for the design of 
some of the Bureau’s most outstanding 
structures ashore and afloat. He is 
author of the design treatise ‘Analysis 
of Rigid Frames.”’ 


Arthur P. Clark 


an ACI Member since 1924 and a member 
of ACI Committee 208, Bond Stress, is 
the author of the paper “Comparative 


Bond Efficiency of Deformed Concrete 
Reinforcing Bars” which appears on p. 381 
of this JooRNAL, 

Mr. Clark was graduated from the 
University of Michigan in 1903 with the 
degree BS in CE. Following graduation 
he spent three and one-half years in the 
Bridge Department of the Pere Marquette 
Railroad at. Detroit and since that time 
has been continuously identified with the 
engineering problems of reinforced con- 
crete and the distribution of concrete re- 
inforeing bars. He joined the organiza- 
tion of the Corrugated Bar Co. at St. 
Louis in 1906 and has continued this 
association, through the consolidation of 
Corrugated Bar Co. with Kalman Steel 
Co. and the purchase of Kalman by Beth- 
lehem Steel in 1931, until 1944. Since 
then he has been Research Associate for 
the American Iron and Steel Institute at 
the National Bureau of Standards. 

In addition to the ACI, Mr. Clark holds 
membership in the A.S.C.E. and A.S.T.M., 
is an associate of the Highway Research 
Board and is serving on several industry 
committees. 


T. C. Powers and T. L. Brownyard 


are the authors of “Studies of the Physical 
Properties of Hardened Portland Cement 
Paste,’ Part 3 of which appears on p. 469 
of this JournAL, See p. 8 of the Octo- 
ber News Letter for biographical sketches 
of these authors. 
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SYNOPSES of recent ACI Papers and Reports 
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Institute papers of this JOURNAL 
Vol. 18 which are currently avail- 
able. Unless otherwise noted sepa- 
rate prints are 25 cents each. 
Starred 7 items are 50 cents or more, 
as indicated. Please order by title 
and title number. 


REINFORCED CONCRETE COLUMNS 
UNDER COMBINED COMPRESSION 
ED. cccocscsccscccaseces, 4Oe8 
HAROLD E. WESSMAN—Sept. 1946, pp. 1-8 (V. 43) 


Algebraic methods available heretofore for the analysis 
of the reinforced concrete column subject to combined 
compression and bending have usually involved the solu- 
tion of a complex cubic equation and have taken con- 
siderable time when applied to particular problems. A 
new method of successive approximations converging 
rapidly to an exact answer and avoiding the use of the 
Site equation is presented in this paper. The key to the 
method is the reciprocal relationship existing between 
the load axis and the neutral axis ot the transformed sec- 
tion. The method may be applied to any shape of cross 
section and any arrangement of reinforcing steel, provid- 
ing there is one axis of symmetry and the plane of bending 
coincides with this axis. The theory behind the method is 
presented and illustrated with three typical problems. 


EFFECT OF MOISTURE ON THERMAL 
CONDUCTIVITY OF LIMEROCK 

REE Uo ccccccccccccccscccccio;ns 498 
MACK TYNER—Sept. 1946, pp. 9-20 (V. 43) 


The coefficient of thermal conductivity, k, of limerock con- 
crete is a function of temperature, composition and density 
or moisture content. No attempt has been made to 
measure the effect of temperature on k. Holding the 
temperature reasonably constant, the effect of composi- 
tion on k has been measured for two limerock concrete 
mixes (1:5 and 1:7 by volume). The 1:5 mix has a k that 
is 10 per cent larger than the k for the 1:7 mix. 

With the temperature and composition held constant, 
the effect of moisture on k for the 1:5 and 1:7 mixes has 
been measured. The moisture content has a very profound 
effect on k, e.g. increases of moisture from zero to 5 per 
cent increases the k of 1:5 mix by 23 per cent and from 
zero to 10 per cent increases the k by 46 per cent. Con- 
cretes should be kept dry if their maximum heat insulation 
effect is desired. 


CEMENT INVESTIGATIONS FOR 
ULDER DAM—RESULTS OF 

TESTS ON MORTARS UP TO AGE 
EY ME, c0<0cncssesecsnesses GB 
RAYMOND E. DAVIS, WILSON C. HANNA and 
ELWOOD H. BROWN—Sept. 1946, pp. 21-48 (V. 43) 
The effects of composition and fineness of the laboratory 
cements employ in cement investigations for Boulder 

M upon strength, volume changes, and sulfate resistance 
of mortars, are reported for ages up to 10 years. For both 
wet and dry storage conditions, factors for each of sev- 
eral ages are given which indicate the contribution of 
each of the four major compounds present in portland 
cement to tensile and compressive strengths and volume 

inges. 


x ANALYSIS AND DESIGN OF ELE- 
MENTARY PRESTRESSED CONCRETE 
DT. \scocavecnstadexdsssens Gael 
HERMAN SCHORER—Sept. 1946, pp. 49-88 (Vol. 43) 


The purpose of this paper is to outline the analysis and 
design of elementary prestressed concrete members, such 


as beams, columns, ties, etc., subjected to internal and 
external axial forces and bending moments. The internal 
stresses, caused by the action of the prestress forces, are 
combined with the stresses due to external loads in three 
typical loading stages. The first stage considers the stress 
condition resulting from the simultaneous application of all 
sustained loads. The second stage determines the stress 
changes due to normal live loads, based on a truly mono- 
lithic participation of the entire concrete area. The third 
stage assumes a cracked tension zone, which condition 
introduces the derivation of ultimate stresses and clarifies 
the influence of the prestress action on the type of failure. 
The analytical expressions are simplified by means of 
convenient ratios, which essentially define the sectional 
shape, the effective steel prestress, and the concrete fiber 
stresses. Numerical examples serve to illustrate the various 
steps. 


*STUDIES OF THE PHYSICAL 
PROPERTIES OF HARDENED PORT- 
LAND CEMENT PASTE 


(Part 1) Price 50 cents............+++-43-5a 
(Part 2 and appendix) Price 75 cents...43-56 
(Part 3) Price 50 cents.............+--43-5e 
T. C. POWERS and T. L. BROWNYARD—Oct. 1946, pp. 


101-132, Nov. 1946, pp. 249-336, Dec. 1946, pp. 469- 
504 (V. 43) 


IN NINE PARTS 

Part 1. A Review of Methods That Have Been Used for 
Studying the Physical Properties of Hardened 
Portland Cement Paste 

Part 2. Studies of Water Fixation 
Appendix to Part 2 

Part 3. Theoretical Interpretation of Adsorption Data 

Part 4. The Thermodynamics of Adsorption 

Appendix to Parts 3 and 4 

Studies of the Hardened Paste by Means of 

Specific- Volume Measurements 

Part 6. Relation of Physical Characteristics of the Paste 
to Compressive Strengt 

Part 7. Permeability and Absorptivity 

Part 8. The Freezing of Water in Hardened Portland 
Cement Paste 

Part 9. General Summary of Findings on the Properties of 
Hardened Portland Cement Paste 

This paper deals mainly with data on water fixation in 

hardened portland cement paste, the properties of evapor- 

able water, the density of the solid substance, and the 

porosity of the paste as a whole. The studies of the 

evaporable water include water-vapor-adsorption charac- 

teristics and the thermodynamics of adsorption. The dis- 

cussions include the following topics: 


Part 5. 


1. Theoretical interpretation of adsorption data 
2. The specific surface of hardened portland cement 
paste 
3. Minimum porosity of hardened paste 
4. Relative amounts of gel-water and capillary water 
5. The thermodynamics of adsorption 
6. The energy of binding of water in hardened paste 
7. Swelling pressure 
8. Mechanism of shrinking and swelling 
9. Capillary-flow and moisture diffusion 
10. Estimation of absolute volume of solid phase in 
hardened paste 
11. Specific volumes of evaporable and non-evaporable 
water 
12. Computation of volume of solid phase in hardened 


paste 

13. Limit of hydration of portland cement 

14. Relation of physical characteristics of paste to 
compressive strength 

15. Permeability and absorptivity 

16. Freezing of water in hardened portland cement 
paste 
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%& MINIMUM STANDARD REQUIRE- 
MENTS FOR PRECAST CONCRETE 
FLOOR UNITS ..........--+0--20++ 43-6 


REPORTED BY ACI COMMITTEE 711—Oct. 1946, pp. 
133-148 (V. 43) In special covers 


Supersedes 40-17, 42-11. 


These minimum standard requirements are to be used as 
supplements to the ACI “Building Regulations for Rein- 
forced Concrete” (ACI 318-41). With respect to design 
for strength, i. e., for bending moment, bond and shear 
stresses, all types shall be designed in accord with standard 
reinforced design theory and ACI 318-41. With respect 
to cover, there is in some cases departure therefrom 
justified the greater refinement in the finished product 
when made by factory methods with factory control. Pre- 
cast floor systems with |-beam type and hollow core type 
joists are covered. Appendix contains applicable sec- 
tions of the ACI code (ACI 318-41). This report, origi- 
nally published in Feb. 1944 Journal, has been patond 
the committee and adopted by the Institute as an ACI 
Standard, Aug. 1946. The committee consists of F. N. 
Menefee, Chairman, Warren A. Coolidge, R. E. Copeland, 
Clifford G. Dunnells, H. B. Hemb, Harve Kilmer, Glenn 
omy Gayle B. Price, John Strandberg, J. W. Warren, 
Roy R. Zipprodt. 


¥%RECOMMENDED PRACTICE FOR 
THE CONSTRUCTION OF CONCRETE 
FARM SILOS ........--eeeeeeeeee 43-7 


REPORTED BY ACI COMMITTEE 714—Oct. 1946, pp. 
149-164 (V. 43) In special covers 

Supersedes 40-10, 42-12. 

These recommendations describe practice for use in the 
design and construction of concrete silos—stave, block 
and monolithic, for the storage of grass or corn silage. 
The report is the work of the committee consisting of 


William W. Gurney, Chairman, J. W. Bartlett, Walter 
Brassert, Claude Douthett, Harry B. Emerson, William G 
Kaiser, R. A. Lawrence, G. L. Lindsay, J. W/. McCalmont, 





Dalton G. Miller, C. C. Mitchell, K. W. Paxton, B. M. 
Radcliffe, Charles F. Rogers, Stanley Witzel. It was 
adopted by the Institute as an ACI Standard Aug. 1946. 


THE DURABILITY OF CONCRETE IN 
SERVICE 


F. H. JACKSON—Oct. 1946, pp. 165-180 (V. 43) 


This paper discusses the problem of concrete durability 
with reference primarily to highway bridge structures 
located in regions subject to severe frost action. Four 
major types of deterioration are defined and illustrated 
and several specific matters which have bearing on the 
problem, including the effect of construction variables 
modern vs. old fashioned cements, air entrainment an 
the so-called ‘‘cement-alkali’” aggregate reaction, are 
discussed. The report concludes with a series of 
recommendations indicating certain corrective measures 
which should be taken. 


WEAR RESISTANCE TESTS ON CON- 
CRETE FLOORS AND METHODS 
OF DUST PREVENTION .........-- 43-9 


GEORG WASTLUND and ANDERS ERIKSSON—Oct. 
1946, pp. 181-200 (V. 43) 


This paper presents a description of tests made on con. 
crete floor specimens of various types in order to determine 
their resistance to wear and to investigate the character 
of deterioration of concrete floor surfaces due to traffic. 
The results of these tests show that concrete floors pro- 
vided with finish courses containing coarse aggregate up 
to about 4 inch in size and an excess of pea gravel are 
definitely superior to concrete floors with a finish course 
containing fine sand only which are common in Sweden 
at the present time. Moreover, this investigation has 
helped to elucidate the causes of the often very severe 
pee 3 detrimental dusting of concrete floors. The surface 
skin of concrete floors is of poor quality and is easily 
abraded. Dusting can be considerably reduced if the 
poor surface skin is removed by machine grinding provided 
that the concrete below the surface skin is of first-rate 
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quality. The paper concludes by proposing a detailed 
tentative specification for concrete floor finish which 
differs in essentials from current Swedish practice, 


*&LINING OF THE ALVA B. 
ADAMS TUNNEL............... - + +43-10 
RICHARD J. WILLSON—Nov. 1946, pp. 209-240 (vy. 


The 13.03 mile Alva B. Adams Tunnel, excavated under 
the Continental Divide, as a part of the transmountain 
water diversion plan of the Colorado-Big Thompson Pro. 
iect, United States Department of the Interior, Bureau of 
Reclamation, is now lined with concrete. Lining equip. 
ment and methods and aggregate process!ng are de. 
scribed. 


REPAIRS TO SPRUCE STREET 
BRIDGE, SCRANTON, PENNA......43-11 
A BURTON COHEN—Nov. 1946, pp. 241-248 (V, 43) 


Repairs and reinforcements of the Spruce Street Bridge 
built in 1893 over the Lackawanna Railroad and Roaring 
Brook in Scranton, Pa. are described. The effective 
application of the ““Alpha System-Composite Floor De. 
sign’’ reinforced the floor system at the same time a new 
concrete floor slab was laid. Concrete prices are in. 
cluded and eleven illustrations supplement the text of the 
paper. 


THE STRUCTURAL EFFECTIVENESS 
OF PROTECTIVE SHELLS ON REIN- 
FORCED CONCRETE COLUMNS. ... 43-12 
F. E. RICHART—Dec. 1946, pp. 353-364 (V. 43) 


This paper presents a study of 108 plain, tied or spirally 
reinforced concrete columns. The columns were 7, 8 and 
9 in. round or square, 45 in. ong, and the ties and spirals 
were 6 in. in diameter. 

The columns were loaded axially, with “‘flat” ends. 
Strains were measured and close observations were made 
of the initial failure of the protective shell. 

Analyses of the test results were made to see if the column 
shells were fully effective. This was the case with the 
shells of spirally reinforced columns, but the tied columns 
showed a slight deficiency in the strength expected on 
the basis of previous tests of the 1930 ACI column 
investigation. 

The test results lend support to the design methods pre- 
scribed in the current ACI Building Regulations for 
Reinforced Concrete. 


PRECAST CONCRETE STRUCTURES. . 43-13 
A. AMIRIKIAN—Dec. 1946, pp. 365-380 (V. 43) 


Precasting is becoming a major factor in. the choice of 
reinforced concrete as a construction material because of 
ever-rising cost of labor and materials. The advantages 
of precasting are not however confined to savings in cost 
and materials. Since it isa planned method of construction, 
comparable to factory production, its use also assures a 
better control of quality and speedier completion of the 
project. This article is an attempt to show how precasting 
can be utilized to provide the framing of a great variety 
of structures. The first part deals with bent type of framing 
as used in buildings, the second describes a novel type of 
framing consisting of precast cells, particu ar y suitable for 
floating structures. 


COMPARATIVE BOND EFFICIENCY 

OF DEFORMED CONCRETE REIN- 
FORCING BARS..........-005500005 43-14 
ARTHUR P. CLARK—Dec. 1946, pp. 381-400 (V. 43) 


The purpose of the tests described was to determine the 
resistance to slip in concrete of 17 different designs of 
deformed reinforcing bars. 

The tests were of the pull-out type in which the bars were 
cast in a horizontal position; the depth of concrete under 
the bars and the length of embedment were varied. The 
slip of the bar was measured at the loaded and free end. 
Three tests were made of each variable for each design 
of deformation. 
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it was established that a certain group of the bars was 
definitely superior to the others, in the sense that their 
average rating was significantly higher than the average 
of the others. Bars cast in the top position were much 
less effective than those cast in the bottom position. 


%PROPOSED REVISION OF BUILD- 

ING REGULATIONS FOR REIN- 
FORCED CONCRETE (ACI 318-41). .43-15 
REPORTED BY ACI COMMITTEE 318—Dec. 1946, pp- 
401-468 (V. 43) 

The report with its proposed changes has been released 
by the Standard Committee for convention action. 

The contents are fully explained in the title. The current 
“code” appears in full in larger type; the proposed 
changes in smaller type. Published for information and 
study prior to convention consideration, 
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The annual “ 


JOURNAL Supplement’, as 


it has been known for many years, is issued 


this month as Part 


JOURNAL. 
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This is to comply with a ruling 


of the Third Assistant Postmaster General 
with regard to mailing in accordance with 
postal laws and regulations. 
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Sources of Equipment, Materials, and Services 


A reference list of advertisers who participated in the Fifth 
Annual Technical Progress Issue of the AC] JOURNAL— 
the pages indicated will be found in the February 1946 issue 
and (when it is completed) in V. 42, ACI Proceedings. Watch / 
for the 6th Annual Technical Progress Section in the February 


1947 JOURNAL. 
Concrete Products Plant Equipment page 
Besser Manufacturing Co., 902 46th St., Alpena, Mich..............00.0ceeeeee 436 
—Concrete products plant equipment, production 
Stearns Manufacturing Co., Inc., Adrian, Mich... ......... 22.00 cece cece eee euee 409 


—Vibration and tamp type block machines, mixers and skip loaders 


Construction Equipment and Accessories 


Atlas Steel Construction Co., 83 James St., Irvington, N. Y............202000 000s 495 
—Forms for concrete 


Blaw-Knox Division of Blaw-Knox Co., Farmers Bank Bldg., Pittsburgh, Pa. ..... 410-11 
—Truck mixer loading and bulk cement plants, road building equipment, buckets, 
batching plants, steel forms 


Ns ac a, Clu ban c'aeeledenseceseecsssmeass 452 

—Central mix, ready-mix, bulk cement and batching plants, cement handling 
equipment 

Chain Belt Co. of Milwaukee, Milwaukee, Wis.................00 00 ee eee 430-1 
—WMixers, pavers, pumps 

Electric Tamper & Equipment Co., Ludington, Mich..................2..00005 416-17 
—Concrete vibrators 

Flexible Road Joint Machine Co., Warren, Ohio...............0 606 e eee eee 432 
—Pavement joint and joint installers 

ee aie ak kag c vine siesscedeneeeersste 434 
—Unloading and conveying pulverized materials 

Heltzel Steel Form & Iron Co., Warren, Ohio... .. 6.66... eee cece eee eee 454-5 
—Pavement expansion joint beams 

Jaeger Machine Co., The, Columbus, Ohio....... a etebs tin cks kab eced 418-19 
—Concrete paving equipment 

ee i Ci TE... tec cece ccccetcccccceceecsceses 448 
—Mixing plant equipment 

oe cna soc asn Sea deabedecsccesacscocesones 424 
—Tilting and non-tilting construction mixers 

Mall Tool Co., 7703 So. Chicago Ave., Chicago 19, Ill........... 6. cece ee eens 431 
—Concrete vibrators 

i TC choc cccbsdocesreseceassecerecee ss 466-7 


—Concrete vibrators 
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Ransome Machinery Co., Dunellen, N. J.......... 0. cece cece cece cence ee eeees 435 
Paving Mixers 

Richmond Screw Anchor Co., Inc., 816 Liberty Ave., Brooklyn 8, N. Y............ 456 
—Planned form work 

Viber Co., 726 So. Flower St., Burbank, Calif. ........... 2.02 cece ee eee ee eee 499-3 


—Concrete vibrators 


Whiteman Manufacturing Company, 3249 Casitas Ave., Los Angeles Calif... .. 444-5 
—Vibrating and finishing equipment 


Contractors, Engineers and Special Services 


American Concrete Institute, New Center Bldg., Detroit 2, Mich. ............... 465 
—Publications about concrete 

Kalman Floor Co., Inc., 110 E. 42nd St., New York 17, N. Y..............06- 420-91 
—Floor finishing methods 

Prepakt Concrete Co., The, and Intrusion-Prepakt, Inc., Union Commerce Bldg., 

i: CR Usd bit nam seuCeda paeabteeans 46h bb ab eaek nanan 437-440 

—Pressure filled concrete 

Raymond Concrete Pile Co., 140 Cedar St., New York 6, N. Y..............204- 414 
—Pile foundations 

Roberts and Schaefer Co., 307 No. Michigan Ave., Chicago 1, Illl............... 427 
—Thin shell concrete roofs 

Scientific Concrete Service Corp., McLachlen Bldg., Washington, D. C............. 496 
—Mix controls and records 

Vacuum Concrete, Inc., 4210 Sansom St., Philadelphia 4, Pa..............2005- 449.3 
—Forms and lifters with suction controlled concrete 

Materials 
Anti-Hydro Waterproofing Company, 265 Badger Ave., Newark N. J......... 468-9 


—Waterproofing 


Calcium Chloride Assn., The, 4145 Penobscot Bldg., Detroit 26, Mich............ 
—Calcium chloride 


Concrete Masonry Products Co., 140 W. 65th St., Chicago, Illl................... 415 
—Non-shrink metallic aggregate 


Dewey and Almy Chemical Co., Cambridge 40, Mass..............00.000eeee 450-1 
—Air-entraining and plasticising agents 

rn ie Ie tle ie Ci O06, Winncrcdtsceceentesssbesevensuaseus 419 
—Waterproofing 


Hunt Process Co., 7012 Stanford Ave., Los Angeles 1, Calif 
—Curing compound 


Inland Steel Co., The, 38 So. Dearborn St., Chicago 3, Ill. ........... 6. ee eee 446-7 
—Reinforcing bars 


Lone Star Cement Corp., 342 Madison Ave., N. Y 


Se PPP PPT ee eee oe ee 428-9 

—Cement performance data 

Master Builders Co., The, Cleveland, Ohio, Toronto, Ont................04: 457-464 
—Cement dispersing and air-entraining agents 

Sika Chemical Corp., 37 Gregory Ave., Passaic, N. J.........: cece eee ceceeee 470-1 
—Waterproofings, plasticizer, and densifier 

United States Rubber Co., Rockefeller Center, New York 20, N. Y.............-- 433 
—Form lining 

Testing Equipment 
Baldwin Locomotive Works, Philadelphia 42, Pa... ...... 2... c cece cece ceeeeees 413 


—Testing equipment 
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ACI publications in large current demand 


Proposed Manual of Standard Practice for Detailing Reinforced 


Concrete Structures (1946) 


Reported by ACI Committee 315, Detailing Reinforced Concrete Structures, Arthur J. Boase 
Chairman, this book reached the top of the ACI “‘best seller” list within one month of its distri. 
bution to all ACI members in good standing in July 1946. It is a large format, bound to lie figt 
and presents typical engineering and placing drawings with discussion calling attention to 
important considerations in designing practice. It was prepared to simplify, speed, and effec 
standardization in detailing. It is believed to be the only publication of its kind in English. | 
is meeting wide acclaim among designers, draftsmen and in engineering schools. Price—$9.50, 


to ACI Members—$1.50. 
ACI Standards—1 946 


180 pages, 6x9 reprinting ACI current standards: Building Regulations for Reinforced Con. 
crete (ACI 318-41); Minimum Standard Requirements for Precast Concrete Floor Units 
(ACI 711-46); four recommended practices: Use of Metal Supports for Reinforcement (ACI. 
319-42); Measuring, Mixing and Placing Concrete (ACI 614-42); Design of Concrete Mixes 
(ACI 613-44); Construction of Concrete Seon Silos (ACI 714-46); and two specifications: Con. 
crete Pavements and Bases (ACI 617-44) and Cast Stone (ACI 704-44)—all between two 
covers, $1.50 per copy—to ACI Members, $1.00. 


Air Entrainment in Concrete (1944) 


92 pages of reports of laboratory data and field experience including a 31-page paper by 
H. F. Gonnerman, “Tests of Concretes Containing Air-entraining Portland Cements or Air 
entraining Materials Added to Batch at Mixer,”” and 61 pages of the con'ributions of 15 parti- 
cipants in a 1944 ACI Convention Symposium, “Concretes Containing Air-entraining Agents,” 
reprinted (in special covers) from the ACI JOURNAL for June, 1944. $1.25 per copy; 75 
cents to Members. 


ACI Manual of Concrete Inspection (July 1941) 


This 140-page book (pocket size) is the work of ACI Committee 611, Inspection of Con- 
crete. It sets up what good practice requires of concrete inspectors and a background of 
information on the “why” of such good practice. Price $1.00—to ACI members 75 cents. 


“The Joint Committee Report” (June 1940) 


The Report of the Joint Committee on Standard Specifications for Concrete and Reinforced 
Concrete submitting “Recommended Practice and Standard Specifications for Concrete and 
Reinforced Concrete,”” represents the ten-year work of the third Joint Committee, consisting 
of affiliated committees of the American Concrete Institute, American Institute of Architects, 
American Railway Engineering Association, American Society of Civil Engineers, American 
Society for Testing Materials, Portland Cement Association. Published June 15, 1940, 140 
pages. Price $1.50—to ACI members $1.00. 


Reinforced Concrete Design Handbook (Dec. 1939) 


This report of ACI Committee 317 is in increasing demand. From the Committee's Fore 
word: “One of the important objectives of the committee has been ta prepare tables covering 
as large a range of unit stresses as may be met in general practice. A second and equally 
important aim has been to reduce the design of members under combined bending and axial 
load to the same simple form as is used in the solution of common flexural problems.” —132 
pages, price $2.00—$1.00 to ACI members. 


For further information about ACI Membership and Publications (including pamphlets 
presenting Synopsis of recent ACI papers and reports) address: 


AMERICAN CONCRETE INSTITUTE New Center Building Detroit 2, Michigan 
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Recent ACI Standards 


Minimum Standard Requirements for Precast Concrete Floor 
Units (ACI 711-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for the Construction of Concrete Farm 
Silos (ACI 714-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for the Design of Concrete Mixes 
(ACI 613-44) 


24 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Specifications for Cast Stone (ACI 704-44) 


4 pages: 25 cents per copy 


Specifications for Concrete Pavements and Bases (ACI 617-44) 
30 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for Measuring, Mixing and 
Placing Concrete (ACI 614-42) 


30 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for the Use of Meta! Supports for 
Reinforcement (ACI 319-42) 


4 pages: 25 cents per copy 


Building Regulations for Reinforced Concrete (ACI 318-41) 


63 pages in covers: 50 cents per copy. (40 cents to ACI Members) 


Proposed Standards 


Proposed Manual of Standard Practice for Detailing Reinforced Concrete 
Structures 
Reported by ACI Committee 315. It is a separate publication of large format, 
bound to lie flat and presents typical engineering and placing drawings with 
discussion calling attention to important considerations im designing practice. 
55 pages; $2.50 per copy. $1.50 to ACI Members. (Distributed to ACI 
Members in July 1946) 


The Nature of Portland Cement Paints and Proposed Recommended Practice 
for Their Application to Concrete Surfaces 


Reported by Committee 616 as information and for discussion only. 20 pages, 
25 cents per copy (Reprint from ACI JOURNAL, June 1942) 


Proposed Recommended Stresses for Unreinforced Concrete 


Reported by Committee 322 as information and for discussion only. 4 pages, 
25 cents per copy. (Reprint from AC! JOURNAL, Nov. 1942) 
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The AMERICAN CONCRETE INSTITUTE 


is a non-profit, non-partisan organization of engineers, scientists 
builders, manufacturers and representatives of industries associated 
in their technical interest with the field of concrete. The Institute 
is dedicated to the public service. Its primary objective is to assist 
its members and the engineering profession generally, by gathering 
and disseminating information about the properties and applications 
of concrete and reinforced concrete and their constituent materials. 


For four decades that primary objective has been achieved by 
the combined membership effort. Individually and through com- 
mittees, and with the cooperation of many public and private 
agencies, members have correlated the results of research, from both 
field and laboratory, and of practices in design, construction and 
manufacture. 


The work of the Institute has become available to the engineering 
profession in annual volumes of ACI Proceedings since 1905. Be- 

inning 1929 the Proceedings have first appeared periodically in 
the a of the American Concrete Institute and in many separate 
publications. 


Pamphlets presenting brief synopses of Journal papers and 
reports of recent years, most of them available at nominal prices in 
separate prints, and information about ACI membership and special 
publications in considerable demand are available for the asking. 


New Center Building, Detroit 2, Michigan 
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Hipped Plate Construction* 
By GEORGE WINTERT 


Member American Concrete Institute 


and MINGLUNG PEIt 


SYNOPSIS 


This paper discusses and illustrates a method of design and construc- 
tion increasingly used in Europe since the early thirties, but hardly 
known in this country. Named “Faltwerke” abroad, such structures 
consist of rigid reinforced concrete boxes made up of slabs joining at 
various angles, without the aid of beams or girders. In view of the con- 
siderable rigidity of the box as a whole, such structures can be made to 
bridge considerable spans without intermediate supports in the form of 
columns, frames or trusses. The type of construction is particularly 
applicable to bunkers, long span roofs, hangars, and the like. 

The paper is essentially a digest of the very extensive European litera- 
ture on the subject. It aims to discuss the essential design procedures, 
though not pretending to be complete with regard to questions of some- 
what secondary importance. Originality is only claimed in the develop- 
ment of an appropriate, simplifying distribution method, the introduc- 
tion of a consistent sign convention, and other substantial, practical 
simplifications. 

Examples of erected structures are illustrated, a design example is 
given, and an extensive foreign bibliography is appended. 


INTRODUCTION 


Modern development of reinforced concrete construction tends to- 
ward the increasingly effective use of the monolithic properties of the 
material. The type of structures discussed in this paper is but one more 
step in this direction. 

Construction of this kind is not a new development. The first such 
structures, large coal bunkers, were erected in Germany in 1925 and the 
first papers on the corresponding design theory were published in that 


*Presented 42nd Annual ACI Convention, Buffalo, N. Y., Feb. 19, 1946. 
tAssociate Professor Civil Engineering, Cornell University, Ithaca, N. Y. 
tGraduate Student in Civil Engineering, Cornell University, Ithaca, N. Y. 
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Fig. 1—Hipped plate roof 


country by G. Ehlers and H. Craemer in 1930 (see bibliography). Since 
then this type of construction has been widely used in Europe and 
Russia on a great number of bunkers, roofs and other structures, but 
has been little used in this country. During a number of years of con- 
sulting work in Russia the senior writer had occasion to design and see 
erected a number of substantial structures of this type. 

This paper is intended to describe the nature of this kind of construc- 
tion and to give the fundamentals of the relatively simple design theory. 
The writers contribution merely consists in adapting the method of 
analysis to American practice. This was achieved by introducing a 
simple and unequivocal sign convention, by developing a distribution 
method which obviates the necessity of solving a number of simultaneous 
linear equations, and by other minor simplifications. 

The paper makes no claim for completeness. The European literature 
on this topic is rather extensive and cannot he discussed completely 
within the available space. For a number of secondary questions which, 
however, in some cases may become of significant importance, the reader 
is therefore referred to the extensive bibliography appended to this 
article. 


HIPPED PLATE CONSTRUCTION 


The nature of this kind of construction is best illustrated by the simple 
roof structures shown in Fig. 1. The roof is seen to consist merely of a 
continuous, broken slab and two end diaphragms resting on four columns 
at the corners. Longitudinal beams and transverse, intermediate frames 
or other supports are seen to be absent, despite the considerable span of 
the roof in both directions, particularly longitudinally. (It is possible, 
of course, to join any number of such ‘‘boxes”’ 


along their longitudinal 
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Fig. 2—Hipped plate bunker 





edges and, in this manner, to cover a space of any length and of width 
equal to the long side of the individual ‘‘box’’ without interior supports.) 
Another example of this type is the bunker shown on Fig. 2 which, like- 
wise, consists merely of a number of slabs at various angles and two end 
diaphragms, forming a self-supporting box without the aid of beams, 
girders, or intermediate supports. 

In conventional construction beams would be furnished at all junctions 
of two adjoining slabs. It is simple to show that such beams are not only 
superfluous but ineffective, provided the angle between adjacent plates 
is not too close to 180 deg. 

If, in the roof of Fig. 1, beams were essential along the edges C and D, 
their absence should result in large, and most likely destructive, de- 
flections along these lines. However, deflection due to the forces P 
(Fig. 1) can oecur only in the manner shown in Fig. 3a. The total de- 
flection d resolves itself into one component, d cos 0, perpendicular to the 
inclined slabs, and another, d sin 0, parallel to that slab. Neither can 


P 











NO © 


(a) (b) 
Fig. 3—Deflections and load resolution in roof Fig. 1 
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occur without the other. But while the inclined slabs are very flexible 
in bending perpendicular to their planes, they are extremely rigid and 
act as beams between end diaphragms with regard to deflections in their 
planes (d sin 0). Consequently, along edges C and D the magnitude 
of deflection will be that of the inclined slabs acting as deep beams be- 
tween end diaphragms. Any beams provided along these edges are nec- 
essarily more flexible than the deep beams (inclined slabs) and therefore 
are completely ineffective. 


Fig. 3a shows, greatly exaggerated, the slight spreading which may 
occur in such structures. In a correctly designed structure this spreading 
is extremely small for the following reason: edge B (Fig. 1) can move 
outward only by a rotation of the line BC around C. This, consequently, 
involves not only an outward, but also an upward motion of edge B. 
However, such deformation is resisted by the large rigidity of plate 1 
(Fig. 3) with regard to deflection in its own plane. The same situation 
holds true for any other edge common to two plates. Hence, provided 
that angles subtended by adjacent planes are not too small, the magni- 
tudes of horizontal displacements are of the same order as those of the 
deflections of the various plates in their own planes, i.e. negligible. (After 
removal of forms the amount of spread at mid-span of the San Francisco 
warehouse, described later in this paper, measured only 1/16 in.) 

The manner in which loads P are resisted by the structure is evident 
from the manner of deformation just discussed. Since any slab spanning 
a great distance between end diaphragms is extremely flexible out of 
its plane, but very rigid in its plane, a load such as P, applied at the 
joint, will resolve itself into two components parallel, respectively, to 
the two adjoining slabs (Fig. 3b). In this symmetrical case, the forces 
P, and P, will be carried in flexure by the inclined slabs spanning be- 
tween end supports. . Forces P;’ and P;” are equal by symmetry and 


result in simple compression of the horizontal slab. If, for unsymmetrical. 


loading, these two forces were not equal, the horizontal slab, in turn 
would resist their difference by flexure in its own plane. (For the sake of 
brevity, bending of a slab out of its plane will be designated as slab- 
action, and bending in its plane, such as just discussed, plate-action.) 

It is evident from this discussion that any edge joining two mutually 
inclined slabs performs as a support for these slabs just as effectively as a 
beam in a plane floor system. 


Method of analysis 


The general design method based on these considerations is best 
illustrated on the example of the roof of Fig. 1. Loads on this roof 
(dead load, snow, wind, etc.) will be assumed arbitrarily, as shown in 
Fig. 4a. These loads are resolved into their components perpendicular 
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Fig. 4—Details of load resolution in roof Fig. 1 





and parallel to the respective surfaces on which they act. The per- 
pendicular components, w,, result in slab-action, whereas the parallel 
components, w,, are resisted by plate action of the respective members. 
With respect to slab action, the structure is analyzed as a continuous, 
one-way slab supported at the edges B,C,D, and E, by moment distribu- 
tion or any other convenient method (Fig. 4b). In this particular struc- 
ture the edges A and F are free, and therefore, with regard to w,, slabs 
1 and 5 are to be regarded as overhangs. In its own direction the slabs 
are then dimensioned and reinforced in the usual manners. 

The reactions of these slabs, shown in Fig. 4c, are then resisted by 
plate-action of the respective adjoining slabs as in the case of Fig. 3. 
Consequently, each of these reactions is resolved into its components 
parallel to the two adjoining plates acting as loads on these plates as 
shown on Fig. 4d for the edges B and C. 

In addition to these components each plate is also acted upon by the 
load due to the component w,-of its own distributed load, i. e. by r;. The 
external loads, in plate-action, for each of the five slabs, are shown on 
Fig. 4e and are added for each of the plates to give the total loads in their 
own, respective planes, p,; to p;. In the example these are uniform loads 
per foot of edge. Concentrated loads, if any, are resolved in the same 
manner. 
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Fig. 5—Monolithic action of adjoining plates 


If the five plates were not joined along their common edges they 
would act as simple beams uniformly loaded by their respective p. Hence, 
in plates 1 and 2 the bending stress distributions would be as shown on 
Fig. 5a. (As customary in statical computations of reinforced concrete 
structures, the material, at this stage, is considered as homogeneous and 
isotropic.) In such independent bending, therefore, these two plates 
would deform as shown on Fig. 5b. However, the monolithic action 
along joint B obviously prevents relative shift along that edge. Conse- 
quently, shear forces 7'g are bound to act along B-B of such magnitude 
as to result in the type of deformation shown on Fig. 5c. In other words, 
the unit strains, and therefore the unit stresses in the two plates are 
bound to be equal along their common edge. The same holds true for 
any other two adjoining plates. 

Hence, each of the plates, in general, in addition to its normal load, p, 
is acted upon along its two edges, by the shear forces 7. Although the 
distribution of these shear forces, at this stage, is not known, it is evident 
that at any particular section, x, they add up to normal forces N, and 
N,, at top and bottom edge, of magnitude 


Any section, therefore, will be acted upon by two longitudinal edge- 
forces, N, and N,, in addition to the bending moment M, caused by the 
normal loads p (Fig. 5d). 











HIPPED PLATE CONSTRUCTION 511 


Three-force equation 


Since at all points along a common edge, the shear forces T' are equal 
and opposite to each other for the two adjoining plates, from eq. (1) 
the resulting normal forces N are also numerically equal to each other in 
both plates at all points along the edge. 


The sign of these edge forces will be assumed as positive if the extreme 
fiber stresses caused by such a force are of the same sign as those caused 
by a positive moment ,, as indicated in Fig. 5d. 

With this sign convention the extreme fiber stresses due to M,, N:, and 
N, are 

Ni, No (Mi. + Niee + Noce) ce 


pan anche Os I i: Siases kee 





and 
= Ey Se Ee ee 
A A I 
where A, J, c; and c, are, respectively, the area, moment of inertia, and 
distances to the extreme fibers, of the cross-section of the plate. In 
particular, for rectangular sections, with 
Cc = ¢ = h/2Zand A = 6S/h = 12 I/h? 
= — Met ENA+ ENS 
4 S 
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and 





As was pointed out, along each common joint, the stresses in two ad- 
joining plates, n and n+1, must be equal for reasons of continuity. 
Hence, 

in = to ce (4) 


or, from eqs. (2a) and (3a) 
Mon + + Nai ha +$N, hn 
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It is seen that as many equations of this type can be written as there 
are common joints in the structure; that is, as many as there are unknown 
forces N. 


In setting up and solving these equations it is convenient to adopt the 
following sign convention for M, which is consistent with the sign con- 
vention for N discussed before and results in an unambiguous designa- 
tion for both M, and N in any system of equations of type eq. (5). Start- 
ing with any one chosen plate, a moment in that plate is designated as 
positive at the discretion of the designer. Then the positive moments in 
all other plates are defined by the requirement that positive M, in any 
two adjoining plates shall cause stresses of opposite sign at the common 
edge. Thus, in the structures shown schematically on Fig. 6 the signs of 
the stresses caused by positive moments, respectively, are as indicated. 
An equally valid situation would be obtained if all signs of the stresses 
in that figure were reversed. 


+~ eo Fig. 6—Sign convention for moments M, 





Once the M, and the N are determined for all plates by a system of 
eqs. (5), each plate is designed for the combined effect of M,, N, and N, 
(Fig. 5d), that is, for bending plus eccentric compression or tension. 


In addition, it is necessary to investigate the shear forces 7’ caused 
by the continuity along all common edges. By inversion of eq. (1) 


aN I ee A re gees Sw eh ows (6) 
dx 

Also, as usual, 
oh. EES Are a gs Sle aie ss ta oo (7) 
dx 


where V, is the shear force caused in any plate by its load p. 


By differentiating eq. (5) with respect to x and substituting the values 
from eq. (6) and (7) one obtains 
} n hy ry’ hy ' 
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It is seen that this equation is of exactly the same structure as eq. 
(5) and that, again, as many such equations can be written for the 
common edges as there are unknown shear forces 7’. 


Distribution method 


For a large number of plates the solution of a number of simultaneous 
equations, of the type of eq. (5) and (8), may become a rather laborious 
undertaking. It is seen, however, that both these equations are of 
exactly the same form as the three moment equation for continuous 
beams. This suggests the development of a distribution method for 
finding N and T. 

For a continuous beam with unequal spans and with uniform loads of 
various magnitudes on the spans, the three moment equation can be 
written as 


Maa ms + 2 M, (> as iets) a M n41 Dina = 





n n+l n+] 
(—Men) Le , (— Mens) L, ] 
— 3 + ee (9) 
|  - | +1 
where M,., = —w, L*,/12 is the fixed end moment on both ends of span n 


due to a uniform load w,. It is seen that the form of this equation is 
identical with that of eq. (5) and (8) and that the following correspon- 
dence of quantities can be established: 
In eq. (5) and (8) S, corresponds to J, in eq. (9) 
In eq. (5) and (8) h, corresponds to L, in eq. (9) 
In eq. (5) M,, corresponds to —M,, L, in eq. (9) 
In eq. (5) N, corresponds to M, in eq. (9) 
In eq. (8) V., corresponds to —M,, L, in eq. (9) 
In eq. (8) 7’, corresponds to N, in eq. (9) 
It is consequently possible to establish, for any hipped plate structure, 
a conjugate, continuous beam merely by making the spans L, of that beam 
equal to h, and the moments of inertia 7, equal to S,. If fixed end mo- 
ments are applied at each end of span n equal to 
is as as a bk ae taeda wihccne dese (11) 
and these moments distributed in the usual manner, the resulting support 
moments are equal, in magnitude and sign, to the N at the respective 
joints. 
If fixed end moments are applied at each end of span n equal to 
lak MAO eats 5 Sux Lr Va nd on oan eee eee (12) 
and distributed, the resulting support moments are equal, in magnitude 
and sign, to the edge shears 7’ at the corresponding joints. 
No new sign convention is needed for this process. For positive M,,, 
or V,,, the corresponding fixed end moments are counterclockwise on the 
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left and clockwise on the right end of span n of the conjugate beams. By 
the usual sign convention for moment distribution this would mean a 
positive fixed end moment on the left end and a negative one on the 
right end of span n. 


(This distribution method can easily be developed by fundamental, 
rigorous derivation, instead of by mere analogy. However, for the sake 
of brevity, the above, rather obvious, justification is deemed sufficient.) 


Loads of identical character on all spans 

In order to obtain a complete survey of internal forces and moments, 
it is in general necessary to determine N and 7' at various cross-sections 
along the span. Considerable simplification is obtained for the frequent 
case that the loads, p, of all plates are of the same character, e.g. uniform 
load on all plates. 


In this case, for all plates 


SI ee . . (13) 
where q, is a numerical factor different for each plate, and F” (x) a function 
of z, the same for all plates (e. g. for uniformly distributed load on all 
plates, with the usual sign convention, F”(z) = —1, while q,, in this case, 
is the absolute magnitude of the uniform load of plate n). Consequently, 
the moments and vertical shear forces of the various plates are then 


Ts ccc oes + cas wes ebb nd debe wd cease bos (14) 
Mon = Qn F(zx).. TONY ee 3G he a AS 9, NRE CON .. (15) 
where F’(x) and F (zx) are hed tions of x, identical ‘ad all plates (e. g. 
for the case of uniform loads F’(z) = 4% —a2; F(x) = \% (Laz — 2’).) If 


these values of M,, and V,, are Tiana in a set of simultaneous equa- 
tions of type eq. (5) and (8), respectively, it is evident since these simul- 
taneous equations are homogeneous and linear, that 

Eo, ae Tea (16) 
and 

ee ee Re tak. wes ehiaua (17) 


where F(x) and F’(x) are the same functions as defined above and de- 
pendent on the character of the load (uniform or otherwise) and A, is a 
constant depending on the values of S, for all plates and determined 
either by solving once the set of simultaneous equations, or by carrying 
out, once, the distribution process. 


Hence, whereas for loads of different character on the various plates 
simultaneous solutions or distribution computations must be carried out 
at various sections along the span to obtain the values of N and 7’ any- 
where along the structure, only one single such process is required at 
one arbitrary section of the span (say, at mid-span) to determine M 
and WN at all points along the span. Indeed, a comparison of eq. (16 
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Fig. 7—Variation of T and N for uniform load 


and (17) with eqs. (14) and (15) shows that the variation of 7’ and N 
along the span is the same as the known variation of V, and M,, re- 
spectively. In other words, the 7’ and N diagrams are geometrically 
similar to the V, and M, diagrams, as schematically indicated on Fig. 7. 
Plates of arbitrary cross-sectional shape 

The preceding discussion was restricted to the case that the cross- 
section of all plates are rectangular, by far the most frequent situation. 
If, for some reason, the cross-sections are other than rectangular, it is 


merely necessary to replace eq. (2a) and (8a) by the more general ex- 
pressions 
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ais [M, + Nilee + » t+ Nil — ble (2b) 
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where k, = I/c,A and k, = I/c.A are the distances from the centroid 
to the top and bottom core points of the section (see Fig. 8). The cor- 
responding three-force-equations of the type of eq. (5) and (8) and the 
corresponding distributions method can then be developed for this 
general case in the same manner as was done for rectangular plates. 
In view of the comparative rarity of this case the detailed derivations 
are not give here. 





Shear stresses in plates 

When M.,, N, and N, is determined for all plates of the structure, each 
of these plates is then designed for bending plus axial force in standard 
ways (see ACI Reinforced Concrete Design Handbook for the pertinent 
formulae and tables). However, the determination of the shear stresses 
in such plates is somewhat different from standard procedures applicable 
to reinforced concrete beams. Indeed, while in ordinary beams the top 
and bottom faces are free from external shear forces, such forces 7' act 
on each plate at each edge common with an adjoining plate (see Fig. 5c). 
‘ach plate, then, in addition to its normal load p, is acted upon by shear 
forces 7 along both edges, except for free edges, such as A and F on Fig. 
1, along which no shear forces are acting. Consistent with the adopted 
sign convention, these shear forces are positive on the left half of the 
plate if directed as shown on Fig. 9. 

The horizontal unit shear stress at any point along the edge is then 
v = 7'/t where t is the plate thickness at the joint. In view of the fact 
that shear stresses on mutually perpendicular faces of an element are 
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Fig. 8 (left)}—Extreme fiber and core dis- 
tances for non-rectangular plates 











Payee ® Fig. 9 (above)—Sign convention for T 
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equal and opposite, the corresponding vertical shear stresses at the ex- 
treme fibers of a cross-section of the plate are 

ie Oe eS i a Sead osc ek od on be ee (18) 
The cross-section is therefore acted upon by shear stresses caused by the 
vertical shear, V,, and by additional stresses due to the horizontal edge 
shears 7’. The maximum shear stress in the section can be determined 
from equilibrium, that is from the condition that the area under the 
shear stress curve times the plate thickness is equal to the vertical shear 


Vo 
Fee oe oe an T ia (19) 


Only the prevalent case of uniform plate thickness will be discussed 
herein. 

The distribution of shear stresses in a reinforced concrete member 
depends on whether the member is subject to compression only, partly 
to tension, partly to compression, or tension only. 

(a) Section subject to compression only. 

The stress distribution in a reinforced concrete section so stressed is 
identical with that of a homogeneous beam and is of the parabolic type 
shown on Fig. 10a. If the part abcd of that beam is isolated (Fig. 10b), 
the resulting distribution of 7, and 7’, is exactly the same as in the plate, 
Fig. 9 (except that both V, and 7 are negative in this case). The shear 
stress curve of the plate is then the corresponding portion of the distribu- 
tion curve of the complete beam, as shown on Fig. 10. From eq. (19), and 
using the fact that the curve of Fig. 10b is a part of a parabola, one 
obtains 


y= E (o + dem + 09) |e. ee IEE pa, (20) 
) 


from which the maximum shear stress 
3V. Ve + % 
ir = —-— - Be Nn ee lS ne i ae (21) 
2th 4 


(b) Section subject partly to compression, partly to tension. 


By the same method as before, the part abcd cut from an ordinary 
reinforced concrete beam (Fig. lla) represents the situation of a plate 





























oR 7) oe ee a 
ly od 4 im 
ee c 
om co = — —_—— = ed ; 
mi. é 
(a) (b) 


Fig. 10—Shear stresses in plate subject to compression only 
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Fig. 11—Shear stresses in plate subject partly to compression, partly to tension 


stressed as indicated (Fig. 11b), except that in this case the shear forces 
T, have to be added. These forces cause a shear stress v = 7',/t in the 
plane cd. However, for the same reason that shear stresses in beams 
do not spread across the tensile reinforcement, these shear stresses, like- 
wise do not spread upward across the reinforcement. Hence, the shear 
stress distribution in the cross-section of the plate is not influenced by 
T, but does depend on 7. Proceeding as in the previous case, and 
considering the partly parabolic, partly rectangular shear distribution, 
one obtains from eq. (19) 


Vi = [vkd + (1/3) (vm — 14) kd + vm (d — eee 
from which, by simple transformation, the maximum shear stress 
£ y 
ES ee eee eee 
tid 3) 


(c) Section subject to tension only. 

For the same reason as under (b), both », and », do not spread across 
the adjacent reinforcement in this case. Also, in view of the absence of 
normal stresses in the concrete, the shear stresses are of uniform mag- 
nitude through the depth of the section, as in the tension zone of an 
ordinary beam. For this reason, in this case, the maximum shear stress 


V. 


ONO ee re 2 PA ea eae hahaa geo 6 a 


and the shear stress distribution is as schematically indicated on Fig. 12. 
In the equations for v,, the stresses v, and v, are to be substituted with 
their correct signs as defined in eq. 18. It is seen that negative shear 
forces 7' will decrease the maximum shear stress v,, in cases (a) and (b) 
above, as compared with the value it would have if no 7 were acting. 

With the shear stresses determined from eq. (21), (23), or (24), rein- 
forcement for diagonal tension in the plates, if required, is designed in 
the usual manner. 

(It is realized that a more rigorous analysis of shear stresses for beams 
subject to bending plus axial force leads to somewhat different distribu- 
tions than given here. See “Shear and Bond Stresses In Reinforced Con- 
crete,”’ by 8. U. Benscoter and 8. T. Logan.* 


*Trans ASCE, v. 110 p. 509, 1945. 
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However, as shown in the discussion of that paper, no agreement seems 
yet to have been reached on an accepted method of analysis for this case. 
On the other hand it is also apparent from that discussion that the usual, 
simple approach of determining v, though admittedly only an approxi- 
mation in the presence of axial force, in most practical cases seems to 
lead to satisfactory results. For this reason no attempt is made here to 
extend the analysis of the quoted paper to the case of hipped plate 
structures. ) 

This brief account of the European design theory of hipped plate 
construction, supplemented by the distribution method and other minor 
simplifications, makes no claim for completeness. Indeed, the con- 
tinental literature on the subject is too extensive for detailed discussion 
within the scope of one paper (see the bibliography). For this reason a 
number of secondary but occasionally important questions are omitted 
from this account, such as: the problem of more than two plates meeting 
at a joint in which case the plate deflections are no longer independent 
of each other; secondary slab moments caused by joint displacements 
which become important for slabs whose thickness is not too small as 
compared with its depth (i.e. for slabs with stiffnesses of comparable 
magnitude in both directions); deviations from the straight line stress 
distribution in plates whose span/depth ratio is smaller than about 
1% to 2; and other special questions. It is hoped that some of these 
questions will be treated more fully in the discussion of this paper. 


FIELD OF APPLICATION 


The structural principle here discussed lends itself to the design of 
such structures as various types of roofs, including long-span roofs for 
hangars, warehouses and the like, bunkers, bins, elevated rectangular 
tanks and channels, and others. 

The twin bunker, Fig. 13, was the first structure of this type, erected 
in Germany in 1925, with an overall length of about 180 ft., subdivided 
into four compartments by three equally spaced diaphragms resting on 
columns in the planes of the exterior walls. Longitudinally, therefore, 
the structure represents a four-span continuous box, with span length 
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of about 45 ft. each. Another bunker, erected in Russia, is shown in 
greater detail in Fig. 14. It is a two-span structure the design of which 
probably could have been improved by a diaphragm connecting the 
central columns. The hoppers in such bunkers are formed by inserts, 
in this case of timber, and in other instances of triangular slabs or of 
solid concrete. It is claimed that in Russian practice of bunker con- 
struction an overall saving of 35 per cent was achieved in both concrete 
and steel as compared with standard beam and girder design. As an 
average this figure seems somewhat high. However, in addition to the 
very definite savings of material, the smooth surfaces not complicated 
by beams, ribs, and other projections make for simple formwork and 
erection and advantage in use. There is hardly any limit of adapting 
the shape and outline of such bunkers to specific service requirements 
such as off-center charging and discharging. 


An example of a long-span roof of approximately this type is the ware- 
house in San Francisco shown in Fig. 15, designed by L. H. Nishkian. 
It covers a free floor area of 44 ft. 8 in. by 70 ft. and is supported by four 
columns at the corners. From the all too brief description in Lng. 
News-Record, v. 116, p. 558, 1936, it seems that only partial use was 
made in this structure of the design method here discussed. In this 
case the three plates forming the roof are resolved into 2.5 in. thick slabs 
supported on 4 in. x 8 in. joists 2 ft. on centers, spanning only the 16 ft. 
width of each of the three surfaces. The longitudinal members are merely 
shallow ribs rather than load-carrying members. It is seen that open- 
ings for lighting are easily installed in such roofs. A. H. Brownfield, 
structural engineer, Sacramento, Cal., informed the writers that a number 
of roofs of this and similar types have been erected in that state. 
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Fig. 15—Roof of ware. 
house in San Francisco 


(Courtesy, L. H. Nishkian, Engr, 
News-Record, v. 116, p. 558, 
1936) 


Fig. 16—Various hipped plate roof schemes 


Other types of roofs of this kind are shown schematically in Fig. 16. 
Openings for lighting can be arranged in all these roofs, although size 
and spacing of such openings are somewhat limited by strength require- 
Although the writers do not 
know of an actual case of such use, it is entirely possible to design the 
steep sides of saw-tooth roofs as Vierendeel trusses acting monolithically 
with the other slab-plates, thereby to obtain very large window areas. 


ments of the plates, particularly in shear. 


In addition to such prismatic structures, beam-less hipped plate 
structures of pyramidal shape have found application on the continent 


for tent-shaped roofs, cooling towers, and other purposes. 


The design 
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method for such structures is fundamentally similar to that for prismatic 
boxes, but requires somewhat different approaches in view of the special 
conditions caused by pyramidal shape. 


This brief review of types of structures to which the hipped plate 
method has been applied successfully does not limit the field of applica- 
tion of this approach. It is merely intended to give some idea of the 
practical possibilities of this type of construction. 


DESIGN EXAMPLE 


The main design features of hipped plate construction are briefly 
illustrated in the following example of a roof structure covering an un- 
obstructed space of 72x 150 ft. The scheme adopted for this roof is 
shown on Fig. 17. The structure consists of a saw-tooth type roof of 
three spans, 50 ft. each. Intermediate and end-supports are furnished 
by four diaphragms, supported by columns at the outer ends. It is not 
claimed that this particular scheme is necessarily the most rational and 
economical. In particular, hipped plate structures of simple trough 
shape such as Fig. 1, have a more economical stress distribution than saw- 
tooth shaped structures. However, it would have been difficult to cover 
a transverse span of 72 ft. with a simple inverted trough without making 
the roof excessively high. Also, natural lighting, though not discussed 
in this design, can be installed more easily in the chosen type of roof. 

The roof is designed, in addition to its weight, for a 30 lb. per sq. ft. 
wind load perpendicular to the surfaces facing left, as shown on Fig. 17a. 
Materials chosen are 3000 psi concrete and intermediate grade steel. 

Assuming a uniform slab thickness of 5 in., the roof is first designed 
in the transverse direction as a six-span continuous slab with overhangs 
on both ends, to resist the components of the loads perpendicular to the 
respective roof surfaces. The perpendicular loads due to both weight 
and wind are shown on Fig. 18a. The slab was analyzed in the usual 
manner by moment distribution. The maximum negative moments 
and the end-shears r, in each span are shown on Fig. 18b. The largest 
moment, 2851 ft. lb., can be accommodated by a 5 in. slab as assumed. 

Next, the loads p in the direction of each of the eight plates are de- 
termined. These consist of the components, in the respective directions, 
of the reactions shown on Fig. 18b, plus the components 7; in their own 
directions of the weights of the respective plates: The latter are 312 
lb. per ft. for plates 1 and 8; 650 lb. per ft. for plates 2,4, and 6; and 540 
lb. per ft. for plates 3, 5, and 7. 

The forces in plates 1 and 2 are obtained in the following manner: 
At joint B the reactions r’,,, and 7’,2 act perpendicular to their respective 
plates, 1 and 2, as shown on Fig. 19. Their resultant is resolved into the 
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Fig. 18—Slab loads, support moments, and end shears 
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Fig. 19—Determination of plate loads for plates 1 and 2 


components p”; and p’, parallel, respectively, to the two plates. At joint 
C the two adjoining plates, in this case, are perpendicular to each other 
and therefore r’,,2 acts in the direction of plate 3, while r’,; acts in the di- 
rection of plate 2 (Fig. 19). 

To these components of the plate loads, caused by the normal com- 
ponents w, of the slab loads, are added the loads r, due to the com- 
ponents of the slab loads in the direction of the slabs. Assuming bending 
moments to be positive if they cause stresses of the signs shown on Fig. 
20a, and assuming plate loads to be positive if they cause positive simple 
beam moments, the plate loads in plates 1 and 2 are obtained as follows: 

Pi = Tn + P'm = — 312 — 942 = — 1254 Ib. per ft. 
P2 = Te + Png + P'ne = — 650 + 612 — 266 = — 304 Ib. per ft. 

The loads p of all other plates are determined in the same manner and 
are shown on Fig. 20b, with signs indicated in parentheses. 
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Fig. 20—Sign convention for M, and plate loads 


A complete investigation of plate moments, normal forces and shears 
will now be carried out at the interior support. Each plate, longitudinally, 
represents a continuous beam of three 50 ft. spans. The moment at the 
support of such a beam is M,, = —0.10 p,L?, With the values of p, 
as shown on Fig. 20b, the M,,, for plates 1 to 8 are respectively: 313, 76, 
—600, 240, —568, 302, —369, and —67.5 kip-ft. The corresponding 
fixed end moments of the conjugate beam.as discussed before (eq. 11), 
are obtained by dividing (— M,,,) by the depths of the respective plates, 
i.e. by 5 ft., 20.8 ft., 12 ft., ete. for plates 1, 2, 3 ete. In this manner 
the fixed end moments M, of spans | to 8 of the conjugate beam obtain 
as follows: —62.6, —3.66, +50.0, —11.5, +47.3, —14.5, +30.8, and 
+13.5. Since the spans of the conjugate beam are equal to the depths 
of the corresponding plates, the conjugate beam of Fig. 21a is obtained. 
The section modulus of each plate is also indicated on this figure and the 
rigidities are then found for each span of the conjugate beam from K = 


S/h. 

In Fig. 21b the fixed end moments / ,,, are shown above the beam with 
proper sign for moment distribution. Below the beam are given the 
support moments resulting from a four cycle moment distribution. As 
pointed out in the discussion, these moments are equal to the joint forces 
N, numerically and as to sign. A positive sign, therefore, indicates an 
edge force causing extreme fiber stresses of the same design as those due 
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TABLE 1.—REQUIRED STEEL AREAS AT SUPPORT 






































Edge A B C D E F G H I 
A, left 0 |0.70|/2.90} 0 | 1.12} 0 | 4.00] 0 0 
A, right 0 | 3.90/}0.02| 0 | 2.51} O | 1.52] O 0 
A, total O | 4.60/2.92| 0 | 3.63}; O | 5.52) 0 | 0 





to a positive M,. The signs of the resulting edge forces N are indicated 
in parenthesis in Fig. 21b. 

Hence, plate 1 is acted upon by a moment M,, = 313 kip-ft and Ng 
= —§82 kip, as shown on Fig. 22a. The plate is analyzed for this action 
by standard methods and is found to be subject to compression almost 
in its entirety. With a reinforcement A, = 0.7 sq. in. placed along the 
tension edge B, the stresses are f. = 800 and f, = 2200. 

Plate 2 is acted upon by M.. = 76 kip-ft, Ne = —82 kip, Ne = 543 
kip, as shown on Fig. 22b. Analysis by standard methods shows the 
plate to be in tension throughout the entire cross-section. The required 
steel areas are A, = 3.90 along edge B and A, = 2.90 along edge C. 

Plate 3 is acted upon by M,; = —600 kip-ft, Nc = 54.3 kip Np = 
—19.8 kip, (Fig. 22c). Analysis by standard methods show this plate to 
be in compression almost in its entirety. The concrete stress is about 230 
psi and the required steel area is negligible (computed A, = 0.02 sq. in.). 

The remaining plates are investigated in the same manner with details 
omitted here. It is found that the concrete stresses ‘in all plates are 
below the allowable, and hence no compression reinforcement is called 


for in any of the plates. The required tension steel areas are summarized 
in Table 1. 
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Fig. 22—Moments and edge forces of plates 1, 2, and 3 
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In this table ‘‘A, left’”’ and “‘A, right” stand, respectively, for the steel 
areas required for the plates to the left or right of the particular edge. 
For example (see above) it was found that plate 1 requires 0.70 sq.in. 
along edge B, while plate 2 requires 3.90 sq.in. along that same edge. 
Hence, the total longitudinal reinforcement at that edge is the sum of 
those required for the two adjoining plates, as shown in the table. 

(Moments M, and forces N in other sections of the structure, e.g. 
at mid-span, are found by simple proportion. For example, for a three- 
span beam with uniform load the maximum moments on the exterior 
spans are 0.08wL?, whereas the support moments are —0.10wL?. Hence, 
for any plate the M, for the exterior span is 80 percent of that computed 
for the support, and of opposite sign. Since, in addition, the forces N 
are proportional to M, for the case of uniform load on all plates, the 
corresponding N for the exterior span, likewise, are 80 percent of those 
computed for the supports, and of opposite sign. With these M, and N- 
the required steel areas in the exterior span are found by standard 
methods for bending plus axial force.) 


To determine the shear forces 7 along the edges, use is made of eq. 
(14) to (17). From eq. (16) and (17) it is seen that 





ge ee Ee a ee ee (25) 
F(x) 
But from eq. (14) and (15) 
F'(z) _ Von (26) 
Fx) Be i ET ae roa ae 
Hence 
y 
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That is, in order to determine the shear force 7 at any point of the struc- 
ture, it is only necessary to multiply the previously determined normal 
force N by Von/Mon. 

For a three span beam at the interior support M,, = —wlL./10. On 
the other hand, on the outer face of the interior support V,, = —6wL/10. 
Hence, for the given span, L = 50 ft., Von/Mon = 6/50 or, for any edge, 
T, = 6N,/50. 

Thus, for edges B and C, Tz, = —9850, Tc = 6500 lb. per ft. 7’, is 
the largest shear force in any of the seven continuous edges. The corres- 
ponding horizontal shear stress is vg = —9850/5x12 = —164 psi, 
which is below the allowable. (In case of excessive edge shear corners 
may be bevelled for reinforcement). 

In plate 1, the vertical shear caused by 7'g is v, = 164 psi (see eq. (18) ). 
However, since B is a tension edge, v, does not affect the shear stress 
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Fig. 23—Loads and dimensions of interior diaphragms 


distribution in plate 1 which is that of an ordinary beam. For this 
plate Vii = —0.6 p, L = —0.6 (—1252) 50 = 37,500 Ib. With p = 
0.70/5x56 = .0023, 7 = .934 and hence v,, = V,:/bjd = 143 psi. 

Maximum shear stresses v,, in the other plates are determined from 
eq. (21), (23) or (24), depending on the type of stress distribution and 
are all found to be smaller than v,, for plate 1, ranging from about 7 to 
about 120 psi. 

The diaphragms receive the reactions of the plates and transmit them 
to the columns. Thus, they represent single span beams loaded as shown 
(for the interior diaphragm) in Fig. 23. For a three span beam with 
uniform load the interior reaction R = 1.1 wl. Hence, for any plate 
R, = 1.1 p,L. In this manner, for plates 2 to 7, the reactions are, in 
order, 16,750; 132,000; 52,000; 125,000; 66,700; and 81,300 lbs. The 
vertical reactions of plates 1 and 8 are transmitted directly to the columns 
and do not contribute to the bending action of the diaphragm. 

The actual distribution of the various reactions FR is that given by the 
corresponding shear stress distribution (Fig. 10, 11, or 12). However, 
for the purpose of determining moments and shears in the diaphragm 
it is sufficiently accurate, in this case, to assume uniform distribution of 
the reactions along their respective lines of action. 

These inclined, distributed forces are then resolved into their vertical 
and horizontal components. The vertical components represent loads 
of the usual character for the diaphragm, regarded as a one span beam 
(with variable, distributed load). The horizontal components cause 
normal forces (tension or compression) in a horizontal direction which, 
at any point along the span, can be found by summing up the horizontal 
components between that section and either support. 

The dimensions shown in Fig. 23 were found satisfactory for the in- 
terior diaphragm of this roof, with a maximum shear stress of 178 psi 
and a tension reinforcement at mid-span of 24 sq. in. The rib along the 
bottom of the diaphragm, though not indispensable, is advantageous for 
more convenient placing of reinforcement. A similar rib along the top 
edge is intended to stiffen that edge against horizontal buckling between 
points of intersection with the ridges of the roof. 

This discussion of a design example of hipped plate construction is 
necessarily greatly abbreviated. In particular, subsidiary questions 
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such as distribution of shear reinforcement, opening for lighting, etc., 
are of necessity omitted in this brief account. With respect to the latter, 
such openings, with moderate reinforcing ribs, can easily be installed in 
this roof in view of the moderate magnitude of the shear stresses in the 
plates. 
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Discussion of a paper by George Winter and Minglung Pei: 


Hipped Plate Construction* 
By PAUL ROGERS and AUTHORS 
By PAUL ROGERS 


Authors Winter and Pei should be congratulated for introducing a new 
analysis in the hipped plate type of construction. Although large rein- 
forced concrete bins and other hipped type structures have been built 
in this country for many years, the majority of them were designed on 
the basis of elementary statics, resulting in unsafe or uneconomical 
structures. 


A few years ago this writer, in the employment of a large mining en- 
gineering firm, had the opportunity to design several huge railroad coaling 
stations, for which the authors theories are particularly applicable. 
Although not familiar with these theories, he nevertheless understood 
that the application of simple beam formulas is obsolete and in conse- 
quence introduced continuity and high diaphragm design for the thin 
walls. These resulted in appreciable savings in concrete, formwork and 
reinforcing steel. 

Of course, these hipped type structures, bins and hoppers in particular, 
are rather complex things, and thorough analyses involving all kinds of 
stresses are always necessary. Such items as inward pull at the top of 
hoppers, ring actions, shear distribution between supports, stability of 
laterally loaded walls acting also as beams, bending stress distribution in 
diaphragms, are very important. It is fortunate that much information is 
available through the Portland Cement Association about these items. 
It ought to be a challenge, however, to future authors of textbooks to 
include practical formulas for complex structures in addition to the 
classical analysis. 


*ACI Journat, Jan. 1947, Proc. V. 43, p. 505. 
tConsulting Engineer, Chicago, Ill. 
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AUTHORS’ CLOSURE 


Mr. Rogers’ discussion gratifyingly confirms the need for information 
on the design of structures of this type. The coaling stations mentioned 
by him are typical examples of the field of use of this method of analysis, 
Indeed, this writer’s practical experience in the design of hipped plate 
structures was confined almost exclusively to coal bunkers for power 
stations. 

The problems of analysis enumerated by Mr. Rogers merit careful 
consideration in some instances of hipped plate design. However, in 
most cases such factors as deep beam (diaphragm) action or questions 
of stability are of minor consequence. In long span roofs, for example, 
individual plates are rarely so deep as to call for deep beam analysis; 
on the other hand, in more heavily loaded structures, such as bunkers, 
plate thicknesses are usually large enough to provide adequate buckling 
stability without special measures. However, considerations like these 
should not be lost sight of in such designs. 

The writer subscribes wholeheartedly to Mr. Rogers’ closing remarks 
addressed to future authors of text books. 

Along with the numerous, and frequently repetitious, elementary text- 
books on reinforced concrete, there is an increasing need in the American 
literature for authoritative treatment in book form of the more advanced 
and involved types of reinforced concrete structures, of which hipped 
plate construction is only one example. Such books need not necessarily 
be as extensive and inclusive as the German Handbuch fuer Eisenbeton, 
but the gap between our standard textbooks and works like the Hand- 
buch is badly in need of being bridged. 
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Hydraulic Structure Maintenance Using Pneumatically 
Placed Mortar* 


By W. L. CHADWICK# 


Member American Concrete institute 


SYNOPSIS 

Where exposed to frequent freezing and thawing cycles while satu- 
rated, concrete in hydraulic structures and on snow-covered flat or 
nearly flat surfaces suffers deterioration which requires repair before the 
strength of the affected structure is seriously impaired. The prin- 
cipal causes of deterioration are enumerated, and several methods of 
customary repair are discussed, with special mention of the methods 
employed in making repairs to a number of hydraulic conduits and 
dams in the high Sierras of California. 


Since the beginning of general use of concrete much has been written 
about how thousands of concrete structures of all kinds were designed 
and built. However, only a little has been said about how these same 
structures endured. With each year an increasing number of concrete 
structures pass twenty or more vears of age. As the effects of age begin 
to show, maintenance becomes necessary on many. This is particularly 
true of concrete structures built for hydraulic use, such as dams, control 
works, canals, conduits, and tunnels. When maintenance becomes 
necessary, the service of the affected structure often must be interrupted 
at considerable economic loss to the owner. The engineer’s problem 
then is twofold, not only must he make the repairs economically, he 
must also make them with the minimum service interruption and with- 
out a free choice of working season. This is particularly true of hydraulic 
structures in hydro-electric power service. Pneumatically placed mortar 
has a definite place in making such repairs. 

Deterioration in concrete which must be offset by repair is of two 
principal types: 


*Presented 42nd Annual ACI Convention, Buffalo, N. Y., Feb. 20, 1946. 
tMer. of Engineering Dept., Southern California Edison Co., Ltd., Los Angeles, Calif 
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(1) those conditions caused by external forces such as settle- 
ment, overloading, and accident, 

(2) those conditions caused by frost and other weathering, by 
alternate wetting and drying, alkali-aggregate reaction and 
other inherent limitations of concrete itself. 

Because repairs to offset damage from the first causes vary widely 
with each case dependent upon the kind of damage and structure, they 
will not be treated here although many of the techniques described 
can also be successfully used for such work. 

For repair of the second class of deterioration there are two generally 
applicable procedures: 

(1) replacement of the damaged areas with cast-in-place con- 
crete or mortar either in the standard types or by the patented 
Prepakt process*, and 

(2) replacement with pneumatically placed mortar, variously 
referred to as “‘shotcrete” and “‘gunite.”’ 

The two materials have the following advantages and disadvantages. 


Cast in place mortar and concrete 

Advantages: greater density and impermeability; lower shrinkage; 
greater uniformity; less susceptible to inferior skill of equipment opera- 
tors; the repair material itself may be more economical; less dusty than 
pneumatically placed mortar and, having no rebound, may require less 
clean-up. 

Disadvantages: work on vertical surfaces requires forming. For 
extensive work the plant required may be considerably more expensive 
than for pneumatic placing. 


Pneumatically placed mortar 

Advantages: ease of placement with minimum need for forms and 
plant; high strength; excellent durability when exposed to freezing and 
thawing. 

Disadvantages: high shrinkage; susceptibility to wide structural 
variation dependent upon the skill of the nozzlemen; greater permea- 
bility; different shrinkage rate and coefficient of expansion than the con- 
crete in the structure on which repair is made; relatively high porosity 
(this may be an advantage in freezing and thawing resistance). 

The advantages given for pneumatically placed mortar are so im- 
portant for many kinds of repair that they outweigh the disadvantages 
materially. 

Except for this presentation of the relative advantages and disad- 
vantages of cast-in-place and pneumatically placed mortar, this paper will 


*See ‘Two Special Methods of Restoring and Strengthening Masonry Structures,” by J. W. Kelly and 
B. D. Keatts, ACI Jounnat Feb. 1946, Proc, v. 42, p. 280. 
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be confined to experiences in repairing hydraulic structures using the 
latter material. 


Experience on Dams 

Many of the hydro-electric developments in the Sierra Nevada moun- 
tains of California and elsewhere in the West utilize concrete dams at 
high elevations for diversion and storage of water. These elevations 
commonly are from 5,000 to 7,500 ft. and in some instances reach over 
9,000 ft. Because of the relatively low latitude of these regions and 
the frequent cloudless days, the mid-day temperatures at 5,000 to 7,000 
ft. elevation are relatively high even during January and February. 
Exposed concrete surfaces in full sun may reach temperatures of 80 to 
90 F. On the other hand night temperatures on the same surfaces may 
drop to from 0 to 10 F, with the result that daily temperature variations 
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of from 60 to 90 F on surfaces exposed to sun are common (Fig, 1). Like- 
wise freezing and thawing cycles may reach 200 per vear. These condi- 
tions combine to cause exceptional weathering of concrete structures 
which are continuously or intermittently wet. 


Drawing water continuously during the winter from the reservoirs of 
some hydro-electric dams results in an aggravating maintenance problem. 
Ice forms near the surface against the upstream wetted face during the 
late fall and continues to form through the winter against the newly 
exposed wetted area as the draw down continues. This condition results 
in about the middle third of the upstream face receiving a more severe 
exposure than the upper portion, which is dry except for periods of 
storm and drainage from melting snow on the crest, or the lower portion, 
which is usually insulated by the water in the reservoir. In time the 
surface of the middle portion erodes away. 


Another severe exposure condition occurs wherever flat or nearly 
flat surfaces are exposed, particularly narrow ones where snow may pile 
up and melt successively day by day from the top and sides, saturating 
the supporting surface by day and facilitating freezing by night with the 
process repeated day after day. This condition puts the most severe 
exposure on the corners, although all exposed flat surfaces suffer. In 
time corners erode away, as eventually do the flat surfaces themselves. 


Various procedures have been developed through design and con- 
struction to minimize these effects of winter drawdown and of freezing 
and thawing, but because this paper deals with maintenance and repair 
they will not be treated here. 


Gravity dam upstream face maintenance 

Three large gravity concrete dams built in 1912 and 1913 and raised 
during 1917 required upstream face repair during 1939 to offset damage 
resulting from winter drawdown. These effects eroded the surface 6 in. 
to 8 in. deep with local areas as deep as 18 in. Cores removed from the 
upstream face also showed laminations 2 in. to 3 ‘in. thick parallel to the 
face 11% to 2 ft deep, a condition not unlike the exfoliation of granite. 
This condition coupled with the surface spalling accelerated leaking and 
frost damage. Correction required repairing and waterproofing the 
surface. 


One of the structures having no outlet works could be repaired and 
the need for surface waterproofing avoided by backfilling against the 
upstream face thereby insulating the whole area subjected to winter 
drawdown from further freezing and thawing. Backfilling of as little as 
one foot has frequently been shown to completely protect a structure 
from frost affects. 
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The other two structures each had outlet works which prevented 
backfilling all the face exposed to winter drawdown leaving a trapezoidal 
shaped area to be refaced. 

Several plans for repairing and waterproofing the main dam were 
considered. These included, among others: 

(1) several schemes for building a completely new face of rein- 
forced concrete on top of the old face; 

(2) building a structural-steel-supported steel buffer face over the 
old face and 

(3) rebuilding the face with pneumatically placed mortar. 

Because it was both more economical and quicker to build than any 
of the other plans and would afford good waterproofing protection while 
further consideration was being given to other methods which possibly 
might be more permanent, decision was made to utilize reinforced 
pneumatically placed mortar directly over the most severely affected 
areas and to backfill the remainder where outlet structures would permit. 

The refacing was done by: 

(1) chipping away with air-operated gads all loose concrete on the 
middle third of the face to be left exposed, deep enough to reach 
adequate bearing for the new facing; 

(2) drilling 36 in. deep holes on 36 in. centers into the original 
concrete and sulphur grouting /% in. round dowels; 

(3) fixing 3 in. x3 in., no. 6x no. 6 mesh to these dowels 2 in. 
from the chipped surface and 

(4) covering the whole area so treated with a minimum of 4 in. 
of mortar applied under minimum air pressure of 60 psi at 
the gun. 

Because the only time operating conditions would permit the work 
was during freezing fall weather, the fresh mortar was protected by 
tarpaulins and salamanders for seven days after placement. A coal 
tar cut-back compound was used as a curing medium. 

The mix used was | cement to 4 sand which resulted in about 1 to 3 
in place. The sand used was from a natural stream deposit and was 
screened to exclude above %% in. size. The mortar was placed in suc- 
cessive layers of 1 to 2 in. each to the desired depth. Because it was 
planned to reface the affected area later with a more permanent buffer 
slab the rebuilt surface was not brought out to original form line but 
was shot to form generally a 4 in. coating over the irregular prepared 
surface. Some other areas which were neither as eroded nor as exposed 
were covered with unreinforced gunite of the same mix. Similar treat- 
ment was given the trapezoidal shaped area of the third dam where 
outlets prevented backfilling. This unreinforced material has been 
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found valuable for arresting spalling. It is effective as such for three 
to five years. 


After six years of service the 25,000 sq. ft. of this reinforced mortar 
repair are in good condition. A few fine hair line cracks have occurred, 
three or four of which show some back seepage when the reservoir is 
drawn down. As a result of field tests with a hammer it is estimated 
that perhaps 15 percent of the gunite has loosened slightly from the 
concrete. The waterproofing value of the mortar slab, although not 
perfect, is good and appears not to have materially decreased in six 
years. Because several permeability test cells showed that water does 
slowly pass through the mortar slab, even though it is not cracked or 
observably damaged, it is believed that the cause of the drumminess is 
continued, slow deterioration of the parent concrete against which the 
slab was placed. This deterioration is believed to result from con- 
tinued slow leaching. Other observations of a large area on each dam 
which was covered by a thin coating of pneumatic mortar placed in 
1918 show that the mortar remained sound and intact in limited areas 
where the underlying concrete was sound, but elsewhere it is loose or 
has fallen from the old surface. The unreinforced areas placed in 1939 
are so much more drummy than the reinforced areas that there is no ques- 
tion as to the desirability of tying the slab to the parent structure by 
some such plan as that which was used. 


Multiple arch dam maintenance 


After fifteen years of service a multiple arch dam constructed during 
1925 and 1926 required repair to the surface of its upstream face, its 
spillway section, and to the walkway along its crest. This structure 
formed by fifty-eight 50-ft. span inclined arches supported by counter- 
forted buttresses had been operated throughout its life as a summer stor- 
age reservoir, that is, it is filled by the runoff in late spring but is emptied 
in the fall to fill a lower reservoir in the system. Hence it suffered no 
winter draw-down exposure. 

The dam has a maximum height of about 150 ft. and the intrados 
and extrados surfaces are both reinforced 4 in. from the surface. The 
top 45 ft.-of each arch is 18 in. thick normal to the inclined surface. 
The lower portion thickens 3.1 in. in each 10 ft. of height to a maximum 
crown thickness of slightly less than 5 ft. A crushed granite aggregate 
manufactured from a nearby tunnel spoil bank was used in the original 
construction. The arches were built in 4-ft. horizontal lifts without 
construction joint keys. Concrete was placed following the best practices 
then current. 


After a few years of service the walkway for reasons given above 
developed ‘‘D”’ cracks and commenced to spall from the walkway corners 
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Fig. 2.—Walkway of concrete dam as 
prepared for repair with repair in progress 
using pneumatically placed mortar. 





toward, and eventually including all, the walkway surface. As much as 
2 in. of the walkway floor and 8 in. of the corners were lost in 14 years 
making extensive repair necessary. 

Repair was made by chipping away the remaining surface deeply 
enough to develop sound material and to expose sufficient reinforcing 
steel to permit attaching new anchoring steel by welding. Wire mesh of 
3 in. x 3 in., no. 6 x 6 weight was then fixed to the anchors and over 
the whole a minimum of 2 in. of 1 to 4 mortar was placed pneumatically 
(Fig. 2). This mortar was made from a good grade of washed natural 
stream-bed sand passing a %4 in. screen. Experience had shown that 
such mortar, though especially durable in the presence of freezing and 
thawing itself, is sufficiently porous to allow enough water to work through 
the mortar to eventually attack the original concrete loosening the 
repair mortar. Two procedures were followed to prevent this effect, 
first, tying the new reinforcement to the original, and second, water- 
proofing the mortar surface. The surface was treated with three coats of 
raw linseed oil applied at 150 F after allowing the mortar to weather not 
less than 6 months to remove excess alkali. Following the linseed oil a 
coat of light-reflecting paint was added. The linseed oil effectively seals 
the pores in the mortar and also the shrinkage cracks formed up to the 
time of its application. The light-reflecting paint reduces the surface tem- 
perature from 20 to 30 F which also reduces the strains from expansion in 
the outer skin of the mortar. This repair is in excellent condition after 
5 years service. 

Surface spalling on the arch crowns made waterproofing of the up- 
stream face of the arches necessary at the same time. After a long 
laboratory search for waterproofing media, a field application of several 
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Fig. 3 (above, left)}—Downstream face 
of dam before repairs were made. 


Fig. 4 (above, right)—Downstream face 
of dam after repair with pneumatically 
placed mortar. 


Fig. 5 (left}—Downstream face of dam 
showing preparation for pneumatically 
placed mortar repair. 





of the more promising materials was made after covering the lower 
part of three arches and the full length of three other arches with rein- 
forced pneumatically-placed mortar. 

The first arch so treated was a relatively short and hence a relatively 
rigid one. The surface to be covered was first chipped to remove all 
unsound concrete; any open or deteriorated construction joints were 
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chipped out is a V-shaped section and filled with a mastic-compound. 
Short dowels were then set on 36-in. centers in the arch by drilling and 
grouting. 3in.x3in. no. 6 x 6 mesh was then attached and the entire 
surface was covered with 2 in. of pneumatic mortar. The arch has re- 
mained notably water tight. Encouraged by this success the two long- 
est arches in the dam were similarly treated during successive seasons, 
Neither proved as water-tight as the first, possibly because of the greater 
relative flexibility which allows small movements to open fine cracks in 
the mortar jacket. A few fine cracks have been observed. 


Downstream surface repair on an arch dam 

An arched concrete diversion dam built in 1913 in the same vicinity 
as the other structures referred to had been subjected to minor although 
nearly constant “day’s work”’ joint leakage plus light leakage from flash 
boards along its crest plus an occasional heavy overflow during heavy 
runoff years. After more than 25 years of this kind of service the down- 
stream surface presented such a poor appearance that refacing was 
necessary (Fig. 3). 

Because it formed the forebay pond for an important plant, the dam 
could not be released from service long enough to repair the upstream 
face so as to cut off leakage at its source, leaving downstream repair 
as the only practicable method. The repair was successfully accom- 
plished (Fig. 4) by: 

(1) chipping away all loose concrete; 

(2) building vertical drains of half tiles into chases cut in the dam 
face with herringbone collecting chases to intercept joint 
leakage; 

(3) covering the whole with 3 in. x 3 in., no. 6 x 6 mesh tied 
to 24 in. long ‘o-in. diameter dowels grouted into the face on 
36-in. centers (lig. 5) and 

(4) covering the whole with a laver of gunite of 2 in. minimum 
and 5 in. average thickness 

Two of the typical repair details are shown in Fig. 6 and 7. 

After five years of service this new face shows a few fine cracks, two 
or three of which show some leakage, but the repair has been satisfactory 
and was much more economical than alternate methods. 


TUNNEL LINING REPAIR 


During the past five years three distressed concrete lined sections of 
different tunnels in the Sierra Nevadas have required repair. The use of 
pneumatic mortar greatly facilitated the repair of two of these sections 
in the minimum time In both instances high flows during the runoff 
season necessitated maintaining as much as possible of the available 
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Fig. 6—Detail of repair to downstream face of dam. 


cross section. In one instance the distressed section was across a faulted 
area which was tunnelled only after months of careful work and much 
mucking and hauling away of mud and sand flows. To get the maximum 
reinforcement, double welded rings of 1-in. square steel bars were used in 
12 in. of pneumatically placed mortar following which the voids back of 
the original lining and the rock back of these voids was pressure grouted. 

After cleaning the old concrete surface, holes were drilled through the 
lining and grout pipes were cemented in the collars of the holes, The 
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Fig. 7—Detail of repair treatment of weeping horizontal joint 


outer mat of l-in. circular reinforcing bars was then placed. Pneu- 
matically placed mortar was shot between the bars to just cover them. 
Placement starting at the bottom of the circle and working upward 
to permit complete removal of rebound as the work progressed. The 
mortar was shot from several angles to avoid sand pockets behind the 
bars. In the upper portion of the circle, it was necessary to accomplish 
the first placement in two passes to avoid “sloughing.’’ Sloughs and 
rebound were entirely cleared from the mortar surface and from the 
steel as soon as the first cover coat was applied. 

As soon as working room was available, the inner mat of 1-in. circular 
reinforcing bars was placed, followed by the second application of 
pneumatically placed mortar to complete the 12-in. or more thickness 
required to form the final circular lining. 

As soon as the completed circular section was ready for troweling, 
cement finishers worked the surface to a hard smooth finish with steel 
trowels to obtain the best resistance to wear, and the least resistance to 
water flow. 

Because for the most part the tunnels involved are built through 
granite where economy favors the use of more grade and larger sections 
rather than continuous lining, none are lined except across sections 
where faulted or otherwise unstable rock was encountered in driving, 
Because the grades are relatively steep (3 ft. per 1000), velocities are 
high with the result that all loose rock is scoured from the floors and 
piled into bars. ‘This makes floors exceptionally rough with intermittent 
pools which in turn make transportation through the tunnels difficult, 
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The small amount of equipment required for reinforcing lined section 
by pneumatic placement is a large advantage. 


Tunnel carrying capacity restored by mortar repair 


During late 1945 on another hydro electric project a long, lined, flow 
tunnel built in 1919 and 1920 showed marked loss of designed free board 
and an important loss of capacity. The tunnel section as lined was 84, 
ft. wide and the walls extended to 8 ft. above the floor. Portions of the 
tunnel carried a flat arch, the springing line of which was 7 ft. 9 in. above 
finished floor grade. 

Inspection of the conduit to determine the cause of the choking down 
showed sufficient deterioration of the floor and wall surfaces to increase 
the roughness coefficient n several points higher than that used in the 
design. The middle and upper wall sections, where subjected to a water 
level which varies with stream flows, were much rougher than the portion 
at the bottom where it was continuously wet. Floor roughness appeared 
to be the result of solution of the cement and erosion during 25 years of 
service, During inspections it had been observed that where someone 
years before had for the purpose of sealing shrinkage cracks, painted over 
them with a thick coal tar paint, the wall was eroded and rough on each 
side but was intact and smooth wherever it had been painted, also the 
paint was excellently preserved. 

Repair entailed refacing 368,000 sq, ft. of wall and 202,000 sq. ft. of 
floor in the most severely affected tunnel sections by the following 
methods: 


Walls 

(1) Cleaning organic material and loose mortar from the walls 
by SUCCESSIVE use of power drawn jumbo wire broom and 
power driven wire brushes, 

(2) blowing down the wall with high pressure air and water using 
the mortar gun nozzle, 

(3) flashing the wall with a thin mortar for a bond coat. 

(4) applying a minimum of ' in. of gunite made with natural sand 
passing no, & sereen, 

(5) applying a finish coat of mortar and steel trowelling the surface 
after sufficient set had occurred, 

(6) painting the finished wall with two coats of glossy coal tar 
material after thoroughly cleaning and hair-brushing the wall 


I loora 


(7) Dragging the floors with heavy harrow toothed weights to 
loosen any seale or debris left from the wall 
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(8) brooming the surface clean of all debris left from the dragging, 

(9) washing the floors with water under air pressure, 

(10) placing '4 in. of pneumatic mortar over the floor area, 

(11) steel trowelling the floor surface. (No paint was applied to 
floors). 

No reinforcement was used. ‘The mix was | to 4 at the mixer and 
about | to 3 in place. Minimum air pressure at the gun was 60 psi, 
Mixers for dry batching were set up outside the tunnel portals where 
batches were made up for hauling to the gun in boxes set. on flat cars 
drawn by battery operated warehouse type electric mules 

Since the work was done to reduce the coefficient of friction and in- 
crease carrying capacity, particular attention was given to thickness of 
coat and smoothness All surfaces were cleaned equivalent to sand 
blasting and thoroughly washed down with high pressure air and water 
and left damp for guniting. The bond coat was allowed to become 
reasonably firm before any build up was permitted, thereby minimizing 
sags and bond failures. ‘The 'o-in. main coat was rodded immediately 
after placement to remove irregularities and all rodding was done with 
special rubber edged rods, using an upward stroke. When this coat was 
firm (#4 to | hour after placement) it was wet flashed for finishing. 
Minishing was done in two steps: first, smoothing with wood floats and 
steel trowels as the finish coat was completed, and second, hard finishing 
with steel trowels between initial and final set, usually 4 to 5 hr. after 
the finish cont 

Construction difficulties were those incident to weather interruptions, 
to drving up wall and floor weeps and to short labor supply. The work 
has of course not been given a time test but the expected free board gain 


was more than achieved 


CANAL LINING REPAIR 


\lso during late 1945 an extensive canal lining repair was made placing 
126,400 sq. ft. of reinforced pneumatic mortar in side lining and 249,400 
aq. ft. of concrete floor paving. ‘The canal has an average base width of 
from 15 to 23 ft. with about T!> to | side slopes warped to fit irregular 
excavation 

The canal was built in 1908 and was then lined with hand placed 
mortar 'y to 2in. thick. In the intervening forty vears this plaster had 
broken up in some areas to an extent requiring replacement, (Fig. 8) 

The work was accomplished by clearing the canal of all undermined 
original lining, then laying 4 in, x 4 in., no, 12 x 12 mesh and applying 
I'y in, of | tod mortar (1 to 3 in place) 

Placing was accomplished by a portable plant consisting of an air 


compressor, mortar gun and special material hopper all pulled as a unit 
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Fig. 8—Open conduit showing condition of lining before repair 


by a pneumatic tired tractor along the canal bank. Trucks hauled pre- 
mixed material from a central plant to the portable placing plant. One 
gun crew supplied by a 315 cfm. air compressor placed from 5,000 to 
6,000 sq. ft. per 10 hr. shift. The lining was placed without shrinkage or 
other joints, it having been found from other experience that unless joints 
are very close shrinkage cracks occur regardless and that efforts to insert 
a sealing strip across joints greatly complicates construction without 
offering satisfactory results (Fig. 9). 

Also during 1945 695,000 sq. ft. of smaller canal were relined with 
pneumatically placed mortar and an old flume of unique design was re- 
paired with the same material. The latter flume was built in 1912 by 
erecting end-to-end on the downhill side of an excavated bench, a wall of 
3-in. thick pre-cast slabs, 51 in. wide by 12 ft. long, against pre-cast 
pilasters set into the bench and then connecting the slab base with 
the other side of the bench by an unreinforced lining. 





Fig. 9—Open conduit showing surface prepared for repair and placement of 
pneumatic mortar 

















MAINTENANCE USING PNEUMATICALLY PLACED MORTAR 547 


During 34 years of service, the slab butt joints at the pilaster and the 
lining joint at the base of the slabs developed some leakage which re- 
quired repair. The surface was also badly roughened from solution of 
the cement by the water in the canal. The repair was accomplished by 
thoroughly cleaning the pre-cast slabs, placing 3- x 3-in., no. 12 x 12 
mesh over the slab and lapping it over the top of the slab and | ft. over 
the floor. Pneumatic mortar was then placed 1 in. deep over the slab 
side and | ft. of the floor, then /% in. deep over the rest of the floor and 
the sloping other side. The work required 134,000 sq. ft. of reinforced 
and 561,000 sq. ft. of unreinforced mortar. 

These 1945 repairs are of course too young to justify any conclusions 
as to their durability. The other repairs described are old enough to 
give a reasonably adequate test of durability. Out of the experience in 
performing about 1,700,000 sq. ft. of such work the writer and _ his 
associates believe pneumatically placed mortar is peculiarly well adapted 
to concrete structure repair even though it has the disadvantages which 
have been described. In considering the material for such work, however, 
its limitations should be kept well in mind. 

All of the work described was done for Southern California Edison 
Co., Ltd. The work on the gravity dams was done by Stone & Webster 
Engineering Corp., that on the multiple arch dam by Stone & Webster 
and the Company’s own forces, and that on the diversion dam also 
by Stone & Webster. The distressed tunnel lining repairs were made 
by Stone & Webster and by Grafe-Callahan Construction Co., Gunther 
and Shirley Co. The improvement of tunnel roughness conditions 
and the first canal repair noted was done by Morrison-Knudsen Co., 
Inc. with whom was associated Glenn Vinson. The other canal work 
described was done by Clyde W. Wood, Inc. The repair, design and 
«onstruction coordination was by the Company’s staff under the direction 
of R. W. Spencer and the writer. 
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This discussion pertains to the energy changes that take place when 
water is adsorbed by hardened cement paste. The relationship of these 
changes to such physical effects as shrinking and swelling, capillary 
flow, and moisture diffusion will be considered briefly. Comparisons 
are made of the energy of binding of evaporable and non-evaporable 
water. Analysis of the energy changes into the two main forms of energy 
and consideration of the relative amounts of each are of interest in con- 
nection with the question of the extent to which water is modified when 
it is adsorbed on the solid. 


THE HEAT OF ADSORPTION 


As pointed out in Part 3, the adsorption of a vapor by a solid can be 
likened to the process of condensation both with respect to the kinetics 
of the process and the nature of the forces involved. Therefore, it might 
be expected that the heat liberated when the vapor is adsorbed would 
be comparable to the heat of liquefaction of the vapor. When the 
comparison is made, it is usually found that the heat of adsorption 
exceeds the heat of liquefaction. In the adsorption of water vapor on 
hardened cement paste, the heat of adsorption for the first increments 
of water added exceeds the heat of liquefaction by about 65 percent of 
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the latter. This excess can be attributed, directly or indirectly, to 
interaction of the adsorbed molecules with the surface of the solid. 


THE NET HEAT OF ADSORPTION 
Definitions 
The excess of the heat of adsorption over the heat of liquefaction is 
called the net heat of adsorption. If Q represents the heat of adsorption 
and Q, the heat of liquefaction, then Q., the net heat of adsorption, is 
defined by, 
i on is sana ketenes (1) 


The definition just given amounts to regarding the adsorption of 
the vapor as a two-step process, as follows: 
(1) Vapor at the saturation pressure, p,, condenses to liquid, thereby 
liberating the heat of liquefaction, Q. 

(2) The liquid water is then adsorbed, liberating the net heat of 
adsorption, Q.. In this step, the water comes to equilibrium 
with vapor at a lower pressure, p. 

As pointed out before (Part 3), the free surface energy of the solid 
and the free surface energy of the condensed liquid must both be causes 
of adsorption in a porous solid such as hardened paste. Hence, the net 
heat of adsorption must have its origin in at least two sources. At low 
vapor pressures, the net heat of adsorption has its origin in the inter- 
action of the adsorbed molecules with the solid surface. When the 
pressure is increased above 0.45 p,, where capillary condensation becomes 
a factor, the surface of the water film formed at lower pressures diminishes 
and becomes zero, or nearly zero, at saturation. The destruction of the 
water surface is accompanied by the liberation of the heat of water- 
surface formation. Thus, the net heat of adsorption is the sum of two 
terms, the net heat of surface adsorption and the net heat of capillary 
condensation. That is, 

eG, A i ss is cede so a eS eee (2) 
where 

Q. = net heat of adsorption, 

Q, = net heat of surface adsorption, and 

Q. = net heat of capillary condensation. 


Evaluation of total net heat of capillary condensation 


The total amount of heat arising from the destruction of water surface, 
i.e., the total net heat of capillary condensation, when the paste goes 
from the dry to the saturated condition can be evaluated by means of 
the following considerations. 


It may be assumed that the maximum extent of water surface is the 
area of the solid surface. It would seem, however, that this maximum 
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could not exist at any vapor pressure. At low vapor pressure, the film 
would be incomplete, even when V, g. are present, because of the chance 
distribution of molecules among the layers deseribed in the B.E.T. 
theory. At higher pressure, the water film would be partly destroyed 
by capillary condensation. At saturation the water surface would dis- 
appear completely except for a negligible area about equal to the super- 
ficial area of the granules composing the sample. Nevertheless, each 
unit of solid surface was covered by a water film at some stage prior to 
the elimination of the film surface, and the total net heat of capillary 
condensation should be the same as if the formation of the water surface 
and its disappearance occurred consecutively. 


In accordance with the assumption just stated, the total net heat 
of capillary condensation, Q.., is 
MR dane Bah og Nig uid lah oie x Ala ae 64 (3) 
where S_ = internal surface area of paste, sq. cm., and 
h. = heat of water-surface formation, cal per sq. cm. 
According to Harkins and Jura,“) h, = 118.5 ergs per sq. em. at 25 ©, or 
118.5 K 2.39 K 10° = 2.83 & 10~ cal per sq. em. Also by eq. (6) of 
Part 3, 
S = 35.7 X 10° V,, sq. em. 
Therefore, 
Qe = 2.83 K 10°° K 35.7 K 10° K Vp, 
ce ene ( 


Evaluation of total net heat of surface adsorption 


The total amount of heat arising from the interaction of the adsorbed 
molecules with the solid surface, i.e., the total net heat of surface ad- 
sorption is given by 


V1. = Sh, ath d pi atets Sebiele kin © 60-0 nie Whee) 40 ave. o 8’ 0M ath yn 
where Q,, = total net heat of surface adsorption, cal per g. of paste, 
S -= internal surface area of paste, sq. cm. per g, of paste, and 
h, = total net heat of surface adsorption, cal. per em. of paste. 
Hence, 
a dt wb e vin ese cinbepaea (6) 


If it can be assumed that h, is the same for all pastes, and this is a reason- 
able assumption that will be used, then 
Oat 
V m 


= const. Oe ee ee oie te (7) 


The total net heat of adsorption 


The total net heat of adsorption will be the sum of the total net heat of 
surface adsorption and the total net heat of capillary condensation. 
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Thus, 
Qat = Qet +- Qee WieeeVenvTy sivtweo Perc ee eas) (8) 
kVm + 100V, = (k + 100)Vm 


* * * * + * * 


At low vapor pressures, only the net heat of surface adsorption ap- 
pears. At higher pressures the net heat of capillary condensation also 
appears. There is at present no basis for evaluating either term at any 
stage short of saturation. 


+ * + * * * + 


Net heat of adsorption and heat of wetting 

When adsorption is considered to be the two-step process mentioned 
above, step (2) immediately suggests a comparison of the net heat of 
adsorption with the heat of wetting. 

Distinction must be made between the heat evolved when a solid 
surface is immersed in a body of liquid and the heat evolved when the 
surface is wetted by causing a film to spread over the surface. The heat 
of immersion exceeds the heat of spreading-wetting by the heat of 
formation of water surface. 

The total net heat of adsorption, Q.:, must be very nearly if not 
actually, equal to the heat of immersion of the hardened paste. This 
follows because the water surface at saturation is virtually zero, as 
pointed out above. This means that if a sample of hardened paste is 
brought to saturation by adsorption of vapor no measurable amount 
of heat will be evolved if it is immersed in water. 

The net heat of surface adsorption is comparable to the heat of spread- 
ing-wetting. If the thickness of the film is not a factor, i.e., if the inter- 
action of the adsorbed molecules with the solid surface affects only the 
first layer of molecules adsorbed, the net heat of surface adsorption is 
strictly comparable to the heat of spreading-wetting, except for the 
possible effect of narrow crevices. (In cement gel, some water may be 
held in crevices so narrow that a water surface cannot form.) If the 
thickness of the film is a factor, the net heat of surface adsorption differs 
from the heat of spreading-wetting but the amount of the difference 
cannot be evaluated. However, the total net heat of surface adsorption 
should be equal to the heat of spreading-wetting of what may be called 
a complete film, i.e., a film so thick that the effect of interaction at the 
solid surface is no longer evident. 


MEASUREMENT OF NET HEAT OF ADSORPTION 
Materials and procedure 
The net heat of adsorption was measured, using two different hardened 
pastes. From each paste twelve granular samples were prepared by 
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16186 0.04/7 0.0502 Q205 [— 


16/89 0.0307 0.0355 0.155 
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first removing the evaporable water and then exposing the samples to 
different humidified air streams according to the method already de- 
scribed (Part 2). 

When the samples had reached equilibrium, each was sealed in a 
separate glass ampoule, each of the twelve samples from a given paste 
being at equilibrium with a different vapor pressure. Such samples 
were prepared in triplicate. , 

The adsorption isotherms are shown in Fig. 4-1. The total water 
contents are plotted in order to show also the non-evaporable water 
contents. The values for p/p, = 1.0, which ordinarily represent the 
water contents at saturation, were not measured for these samples; the 
points shown for this pressure represent the water contents before the 
samples were dried the first time. 

w/Vm curves are given in Fig. 4-2. The broken line is the curve for 
cement-gel, as discussed in Part 3. Both pastes evidently contained 
space for capillary water. 

The heat of adsorption was measured by the same heat-of-solution 
procedure that is used for measuring the heat of hydration of cement.* 
The procedure is first to dissolve the dry paste, measuring the heat 


*Federal Specification SSC-158a-Sec. 31. 
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evolved, and then to dissolve a similar sample of paste containing ad- 
sorbed water. The indicated reactions are 


Paste + acid-solution + nH.O0 — solution of paste 


Heat evolved = Q, cal per g of dry paste........... (9) 
Paste + nH.O — Paste.nH.O 

Heat evolved = Q, cal per g of dry paste..........(10) 
Paste.nH,O + acid-solution — solution of paste 

Heat evolved = Q, cal per g of dry paste..........(11) 


where 
Paste = dried paste 
Q, = heat of solution of dry paste 
Q, = heat of solution of paste containing n grams of 
evaporable water 

Q. = net heat of adsorption. 

By Hess’s law, 
i Sick tina nas 44 446 OReee eee (12) 

This process, in effect, transfers the adsorbed water from the sample to 
the solution. Hence, the heat of vaporization does not appear and, on the 
assumption that the heat of solution of the adsorbed water in the acid is 
zero, the method may be regarded as giving the net heat of adsorption 
directly.* 

The heat-of-solution method was adopted mainly because at the time 
the project was planned the heat-of-solution calorimeter was already 
set up. The results obtained are not altogether satisfactory, for in 
several cases the variation in the observed net heat of adsorption among 
companion samples was as great as or greater than the difference in heat 
content due to differences in adsorbed-water content. This results in 
some uncertainty as to whether certain observed differences are sig- 
nificant or not. 

It should be noted that eq. (12) does not take into account the fact 
that Q, and Q, may represent the heats of solution of samples con- 
taining different amounts of adsorbed air. This inaccuracy must be 
accepted, for we have no knowledge of the change in adsorbed air con- 
tent, or of its heat of desorption. However, the inaccuracy is probably 
small, owing to the relative smallness of the amount of air adsorbed at 
room temperature under a pressure of 1 atmosphere. 


Experimental results 

The experimental results are recorded in Tables 4-1 and 4-2. In Fig. 
4-3 the net heats of adsorption are plotted against the equilibrium vapor 
pressures of the respective samples of each of the two cement pastes. 
They are plotted in this way to facilitate estimating the total net heats 





*The small heat effect of charging n moles of water vapor from pressure p, to -p is considered negligible. 
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TABLE petit, xy AND HEAT OF — DATA FOR 


average of A, B, and 


ASTE MADE WITH CEMENT 16186 
Original w/e = 0.50 (not cee for bleeding). 


Ref. 16-01A, B, and C. Vm = 0.0502 g/g ignited wt., 
. Heat of solution of orig. cement = 623 cal/g ignited wt. Age at test—27 to 29 days. 









































































































































































































































Net heat of 
Total Water adsorption 
water, Evap. adsorbed Heat. of a, 
Sample g/g of: water g/g of: solution} cal/g of: 
No. P/Ps g/g w/Vm | cal/g : Qe 
dry ign. ign. dry ign. ign. wt| dry ign. Va 
Paste wt. wt. paste wt. paste wt. 
A-12.2a -1688 | .2031 0 0 537.5 0 0 
B-24.2a 1702 | .2051 0 0 539.0 0 0 
Ct .1696 | .2042 0 0 538.0 0 0 
Avg. 0 1695*| .2041*) 0 0 0 0 538.2 0 0 a 
A-11A .2010 | .2418 .0322 | .0387 525.4 9.6 | 12.2 
B-23a -2014 | .2427 .0312 | .0376 527.1 9.5 | 11.8 
Avg. -081 | .2012 | .2422 | .0381 | .0317 | .0381 | 0.76 526.2 9.6 | 12.0 239 
A-7a -2092 | .2517 .0404 | .0486 523.2 | 11.4 | 14.3 
B-19a . 2091 "2520 .0389 | .0469 525.2 | 11.0 | 13.8 
Avg. -161 | .2092 | .2518 | .0477 | .0396 | .0478 | 0.95 5 11.2 | 14.0 279 
A-9a . 2258 | .2717 -0570 | .0686 520.6 | 13.3 | 16.9 
B-2la .2254 | .2716 .0552 | .0665 521.3 | 13.8 | 17.6 
Avg. -322 | .2256 | .2716 | .0675 | .0561 | .0676 | 1.37 | 521.0] 13.5] 17.2] 342 
A-10a - 2336 | .2810 .0648 | .0779 520.0 | 13.7 | 17.5 
B-22a .2334 | .2813 .0632 | .0762 518.9 | 15.7 | 20.1 
C-10g 2352 | .2832 -0656 | .0790 518.9 | 15.0 | 19.2 
Avg. .39 2340 | .2818 | .0777 | .0645 | .0777 | 1.55 f 519.3 | 14.7 | 18.9 376 
A-Sa .2399 | .2886 .0711 | .0855 519.5 | 14.0 | 18.0 iy 
B-20a 2397 | .2889 .0695 0838 520.8 | 14.1 | 18.2 
C-8g 2428 | .2924 .0732 | .0882 519.3 | 14.5 | 18.8 
Avg. .46 -2408 | .2900 | .0859 | .0713 | .0858 | 1.71 519.9 | 14.2 | 18.3 364 
A-la 2483 | .2987 -0795 | .0956 519.1 | 14.2 | 18.4 
B-1l3a 2473 | .2980 .0771 | .0929 520.1 | 14.6 | 18.9 
C-lg 2496 | .3005 .0800 | .0963 516.9 | 16.3 | 21.2 
Avg. 53 .2484 | .2991 | .0950 | .0789 | .0949 | 1.89 518.7 | 15.0 | 19.5 388 
A-5a .2550 | .3068 . 0862 1037 517.5 | 15.3 | 20.0 
B-17a .2541 | .3062 .0839 | .1011 519.1 | 15.2 | 19.9 
Avg. .60 .2546 | .3065 | .1024 0850 1024 | 2.04 518.3 | 15.3 | 20.0 398 
A-4a 2726 | .3280 . 1038 1249 517.9 | 14.8 | 19.6 
B-l6a 2714 | .3271 .1012 1220 516.5 | 17.0 | 22.5 
C-4g .2740 | .3300 .1044 1258 515.7 | 16.8 | 22.3 
Avg. -70 2727 | .3284 | .1243 1031 | .1242 | 2.48 516.7 | 16.2 | 21.5 428 
A-2a .2954 | .3554 1266 1523 515.6 | 16.2 | 21.9 
B-l4a .2938 | .3541 1236 1490 516.6 | 16.5 | 22.4 
Avg. 81 .2946 | .3548 | .1507 | .1251 | .1506 | 3.00 516.1 | 16.4 | 22.2 442 
A-3a .3175 | .3820 . 1487 1789 513.9 | 17.1 | 23.7 
B-15a .3121 | .3761 .1419 | .1710 515.0 | 17.5 | 24.0 
Avg. .88 .3148 | .3790 | .1749 1453 1750 | 3.48 514.4 | 17.3 474 
A-6a .3477 | .4183 .1789 2152 510.0 | 19.4 | 27.5 
B-18a .3431 | .4135 .1729 | .2084 514.3 | 17.5 | 24.7 
C-6g 3522 | .4241 . 1826 2199 509.8 | 19.8 | 28.2 
Avg. .96 .3477 | .4186 | .2145 1781 2145 | 4.28 511.4 | 18.9 | 26.8 534 
A . 3997 
Bt 4002 
Cc .3976 
Avg. 1.0 .3992 | .481 .277 _ .277 5.5 509.5f' — 28.7t| 572f 
*Non-evaporable water. tEstimated graphically from ignition loss;no dry sample available. {Estimated 
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TABLE 4-2—ADSORPTION AND HEAT OF ADSORPTION DATA FOR 
PASTE MADE WITH CEMENT 16189 
Original w/c = 0.5 (not corrected for bleeding). Ref. 16-02A, B,andC. Vm = 0.0355 g/g ignited wt., 
average of A, B, and C. Heat of solution of orig. cement = 606 cal /g ignited wt. Age at test—42 to 44 days. 
Net heat of 
Total Water adsorption 
water, Evap. adsorbed, Heat of Qa, 
Sample g/g of: water, g/g of: solution] cal/g of: Q 
No. P/Ps ‘ fee 0/Va |, OE - Ne 
dry ign. ign. dry ign. ign. wt.| dry ign. Van 
paste wt. wt. paste wt. paste wt. 
A-24.2¢ -1375 | .1594 0 0 542.2 0 0 
B-12.2c -1340 | .1547 0 0 546.2 0 
Ct . 1336 . 1542 0 0 546.6 0 0 
Avs. 0 .1350*] .1561*| 0 0 0 0 545.0| 0 0 — 
A-23g .1602 | :1847 .0227 | .0253 536.1 5.1 6.1 
B-llc . 1557 .1798 .0217 | .0251 539.1 5.9 7.0 
C-23c .1562 | .1803 .0226 | .0261 540.6 5.1 6.0 
Avg. .081 | .1574 | .1816 | .0255 | .0223 | .0255 | 0.72 538.6 5.4 6.4 180 { 
A-19g¢ -1682 | .1950 .0294 | .0356 534.8 6.3 7.5 
B-7c . 1634 | .1887 -0305 | .0340 534.6 9.7 | 11.5 
C-19¢ :1641 | 11894 :0307 | .0348 537.0 | 8.1] 9.6 
Avg. .161 | .1652 | .1910 | .0349 | .0302 | .0348 | 0.98 535.5 8.0 9.5 268 
B-9c aid) 1741 .2010 .0401 .0463 534.0 | 10.2 | 12.2 
C-21c -1757 | .2028 .0421 .0486 535.4 9.0} 11.1 
Avg. .322 | .1749 | .2019 | .0458 | .0411 | .0474 | 1.34 534.7 9.6 | 11.6 327 } 
B-10c . 1803 | .2082 .0463 | .0535 532.9 | 10.9 | 13.1 
C-22¢ -1818 | .2098 -0482 | .0556 534.1 | 10.3 | 12.5 
Avg. .39 -1810 | .2090 | .0539 | .0472 | .0546 | 1.54 533.5 | 10.6 | 12.8 360 
A-20g cf -1905 | .2209 : -0530 | .0615 529.2 | 10.6 | 13.0 
B-8e . 1857 .2144 -0517 .0597 533.2 | 10.7 | 13.0 
C-20¢ .1876 | .2165 .0540 | .0623 532.6 | 11.4 | 13.9 
Avg. .46 . 1879 .2173 | .0612 | .0529 .0612 | 1.72 531.7 | 10.9 | 13.3 375 ! 
A-13g | .1943 | .2253 .0568 | .0659 528.7 | 11.0 | 13.5 
B-le -1907 | .2202 .0567 .0655 532.2 | 11.4 | 14.0 
C-13¢ .1914 . 2209 .0578 | .0667 533.6 | 10.6 | 13.0 
Avg. .53 .1921 | .2221 | .0660 | .0571 | .0660 | 1.86 531.5 | 11.0 | 13.5 380 
A-17g -2011 . 2331 0636 .0737 527.7 | 11.8 | 14.5 
B-5c 1976 . 2282 .0636 .0735 _ _ _ 
C-17c -1984 | .2290 .0648 | .0748 532.4 | 11.6 | 14.2 
Avg. .60 -1990 | .2301 .0740 | .0640 | .0740 | 2.08 530.0 | 11.7 | 14.4 406 
A-l6g .2153 | .2496 .0778 | .0902 526.6 | 12.5 | 15.6 
B-4c .2149 | .2482 .0809 .0935 529.0 | 13.7 | 17.1 
C-l6c .2145 | .2476 .0810 0034 530.7 | 12.7 | 15.8 
Avg. .70 .2149 | .2485 | .0924 | .0799 0924 2.60 528.8 | 13.0 | 16.2 456 
B-2¢ .2383 | .2752 -1043 | .1205 528.2 | 14.0 | 17.9 
C-l4e .2385 | .2753 .1049 | .1211 528.8 | 14.0 | 17.8 
Avg. .81 .2384 | .2752 | .1191 | .1046 | .1208 | 3.40 528.5 | 14.0 | 17.8 501 
B-3c .2635 | .3043 .1295 | .1496 526.7 | 14.9 | 19.4 
C-15c 2572 | .2969 1246 | .1447 (537.8)| 14.4 | 18.7 
Avg. .88 .2604 | .3006 | .1445 | .1270 | .1472 | 4.15 526.7 | 14.6 | 19.0 535 
A-18g 3062 | .3550 -1697 | .1966 (518.9) { (17.2) | (23.3) 
B-6e .3058 | .3531 .1718 | .1984 526.8 | 14.3 | 19.4 
C-18¢ .3003 | .3466 . 1669 | .1924 523.3 | 14.7 | 19.8 
Avg. .96 . 3041 .3516 .1965 | .1695 | .1958 | 5.50 525.0 | 14.5 | 19.6 552 
A -3991 | .4627 
Bt .3872 | .4489 
c 3894 | .4515 
Avg. 1.0 .3919 .4544 | .2983 _ . 298 8.65 — — 20.3t] 572t 





*Non-evaporable water. tEstimated graphically from ignition loss; nodry sample available. tEstimated 
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of adsorption for the saturated samples, which were not measured. 
The terminus of the lower curve was estimated to be at 20.3 cal per g of 
ignited weight. Then, in accordance with eq. (8) the total net heat of 
adsorption was assumed to be proportional to V,, and the terminus of 
the upper curve estimated on this basis. That is, 


(Qat)i _ (Qat)e 


(Vm)i  (Vm)o 
From the data given in Fig. 4-3 and from the estimated value of (Q.:); 
we have the following: 
(Qat)1 = 20.3 cal per g ign. wt. 
(Vm)i1 = 0.0355 g per g ign. wt. 
(Vm)2 = 0.0502 g per g ign. wt. 





I 


Hence, 
(Qat)i/(Vm)i = 20.3/0.0355 = 572 cal per g 

and : 

(Qat)2 = 572 X 0.0502 = 28.7 cal per g 

Reference to the upper curve of Fig. 4-3 will show that this estimate 

results in a reasonable terminus for that curve. 


According to the discussion leading up to eq. (8) the amount of heat 
evolved by adsorption at a given pressure should be proportional, or 
nearly so, to the amount of surface covered at that pressure. According 
to the B.E.T. theory, the fraction of the total surface that is covered 
at a given relative vapor pressure is the same for all adsorbents having 
the same value for the constant C. This could be strictly true only 
in the absence of capillary condensation, unless the various adsorbents 
had pores of exactly the same size and shape. Thus, at least for the low 
pressure range, we could predict from theory that the relationship be- 














- 





PHYSICAL PROPERTIES OF HARDENED PORTLAND CEMENT PASTE 559 


tween Q./V, and p/p, should be the same for both samples, at least up to 
p = 0.45 pa. 

The relationship found between Q./V» and p/p, for the two cement 
pastes is shown in Fig. 4-4. If plotted separately the two series of 
points would be judged to describe different curves. However, in view 
of the possibility of considerable experimental error, it is doubtful 
whether the differences are significant, at least in the lower range of 
pressures. At any rate, differences in the lower range cannot be accounted 
for on the basis of current theory. In the upper range the separation 
of the curves might be due to a difference in size and shape of the pores 
and hence to a difference in the rate of change of water surface with 
change in pressure. The curves as drawn indicate that only those pores, 
or those parts of the pores, that fill at pressures above 0.6 p, differ in 
size and shape. 


Comparison of net heat of adsorption of water by cement paste with that of water on 
other solids 


The total net heat of adsorption, Q.:, was estimated above to be 572 V m. 
Since Vn = - Beis the heat per unit of surface = ee 
35.7 X 10° 35.7 X 10° 
= 16 X 10-° cal per sq. cm. of solid surface or 16 & 10° X 4.18 X 107 = 
670 ergs per sq. cm. of solid surface. Harkins and Boyd® measured the 
heats of immersion in liquid water of several different solids. The results 
were as follows: 

BaSO, 490 ergs per sq. em. of solid surface 
TiO: 520 
Si 580 
S102 600 
ZrO 600 
Sn02 680 
ZrSiO, 850 
Graphite 265 

It is evident that the total net heat of adsorption for water in 
hardened cement paste is about the same as the heat of immersion of 
various non-porous minerals. As brought out before, the heat of im- 
mersion per sq. cm. of surface of these minerals should be about equal 
to their total net heats of adsorption per unit of surface if they were 
porous adsorbents. 








Comparison of heat of hydration with net heat of adsorption 


In another project, W. C. Hansen* measured the non-evaporable water 
contents and the heats of hydration on a group of 27 commercial cements 
comprising all types. The samples were neat pastes, w/c = 0.40 by 


*Formerly of PCA laboratory. At present, Manager, Research Laboratories, Universal Atlas Cement Co. 
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Fig. 4-5—Relationship between theat of jhydration and non-evaporable water. 
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Fig. 4-6—Heat of solution data for pastes made with cement 16186. 
Data from Table 4-1, 
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Fig. 4-7—Heat of solution data for pastes made with cement 16189. 
Data from Table 4-2. 


weight (not corrected for bleeding). They were cured in sealed vials at 
70 F for periods ranging from 7 days to 1 year. The heat of hydration at 
each age was determined by the same heat-of-solution method described 
above. The non-evaporable water content was determined by the 
method already described. (Part 2) 

The results are shown in Fig. 4-5. This graph indicates that the 
heat of hydration is directly proportional to the non-evaporable water 
content, and that the proportionality constants for the different cements 
differ, but do not differ widely. 

Fig. 4-6 and 4-7 bring out the relationship between heat of hydration 
and heat of adsorption for the two samples used for the present study. 
In each diagram the point plotted for zero water content represents the 
heat of solution of the original cement. All the other points represent 
the hardened paste after 27 days of wet curing. In Fig. 4-6, for example, 
we see that the heat of solution of the original cement was 623 cal per 
g and that after hydration the heat of solution was 509.5 cal per g.t 
The difference, 113.5 cal, is the heat of hydration. When the evaporable 
water was removed before determining the heat of solution of the hy- 


tThis particular point was not obtained directly but was estimated from Fig. 4-1 in the manner already 
described. The same is true of the lowest point in Fig. 4-7. 
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drated cement, the heat of solution was 538.2 cal per g. The differ- 
ence between 538.2 and 509.5, or 28.7 cal per g ignited weight, is the 
total net heat of adsorption, Q.:. The other points on the curve repre- 
sent samples containing intermediate amounts of evaporable water, 

The heat of hydration per g of non-evaporable water is about 555 cal 
for 16186 and 520 cal for 16189, which values agree fairly well with the 
. data given in Fig. 4-5. These values are computed from the slopes of 
the lines marked A in Fig. 4-6 and 4-7. 

The heat of reaction of the non-evaporable water alone is 416 cal per 
g of non-evaporable water for 16186 and 390 cal per g for 16189. These 
figures (based on lines B) indicate that the heat of reaction of the non- 
evaporable water is different for cements of different chemical com- 
position. 

From these results we may picture the heat of hydration as devel- 
oping in the following way: 

(1) Chemical reactions between the cement and water in the fresh 
paste produce new solid phases in which the non-evaporable 
water is an integral part. These reactions release a definite 
amount of heat for each unit of water combined, but the 
amount is different for cements of different chemical com- 
position. (For cement 16186 the amount is 416 cal per g of 
non-evaporable water, or 416 * 0.204 = 84.8 cal per g of 
cement.) 

(2) As the new solid phases (the reaction products) form, they 
adsorb water and the net heat of adsorption is released. 
This, according to the above estimates, is 572V,, cal per g 
for all cements, and is equal to the heat of immersion of the 
dried paste. (For the paste made from cement 16186 this 
amounts to 572 & 0.0502 = 28.7 cal per g of cement.) 

(3) The total heat of hydration is the sum of the heat of combina- 
tion of the non-evaporable water and the net heat of adsorp- 
tion (84.8 + 28.7 = 113.5 cal per g for 16186). 

The amount of heat that adsorption generally contributes to the 
total heat of hydration can be estimated from the data given above. Let 
Q, = heat of reaction of the non-evaporable water, cal per g. 
Then 
Q, = kyw,, 
where 
k, = a constant for a given cement. Also, as assumed before, 
Qa: = 572 V» cal per g. 
Since 


w, = ke Van, 
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where 
k, = a constant for a given cement (see Part 3), 
Q. 5/2V, £572. 


Q, kyw, kike ; 
or ae 2 ae 


Q,+ Qa kike + 572 


The data for the two cements discussed above are: 


Cement ia “SA 
No. ky | ke | Qe + Qat 
16186 | 416 | 4.07 | 0.25 
16189 392 
| 


1.39 | 0,24 

This shows that for the cements cited the total net heat of adsorption 
of the evaporable water is about 14 of the total heat of hydration. 

The results from these two cements suggest that the ratio of the 
heat of adsorption to the heat of combination of the non-evaporable 
water is a constant, or nearly so. However, the close similarity in this 
case is evidently fortuitous. Q, is the heat of combination of the water 
that is a part of the solid phase and Q.: depends on the surface area of 
the solid phase. Hence, only Q, is appreciably influenced by chemical 
composition and the two quantities therefore should not always bear 
the same ratio to each other. However, for most portland cements 
cured under the same conditions, the ratios probably do not differ 
widely from those found for these two cements. 


THE FREE-ENERGY AND ENTROPY CHANGES OF ADSORPTION 
Underlying concepts 
It will be shown that the net heat of adsorption represents a change in 
the internal energy of the system in which the reaction takes place. 
As expressed by Glasstone, the internal energy content of a substance 
“is made up of the translational kinetic energy of the moving molecules 
of the energies of rotation and vibration within the mole- 
sale, of the internal potential energy determined by the arrangements of 
the atoms and electrons and other forms of energy involved in the 
structure of matter. From the standpoint of thermodynamics, however, 
it is not necessary to know anything about the structure of the atom or 
molecule, and so it is sufficient to divide the internal energy into two 
parts only: these are (a) the kinetic energy of translation or, in brief, the 
kinetic energy, and (b) all other forms of energy.”’ For the present pur- 
pose this statement can be amplified by adding that it is not necessary 
to distinguish energy resident at the surface of a phase from energy 
within the phase. It can all be regarded as internal energy. 
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Although the principles of thermodynamics can be applied without 
knowledge of the mechanism of the change from the initial to final condi- 
tions, it seems helpful to picture what is believed to occur. 


In the introduction to this section, adsorption was likened to the 
wetting of a solid by immersion in a liquid or by the spreading of a liquid 
film. Although in the following discussion this analogy is not explicitly 
used, the treatment is not in conflict with the concept set forth earlier, 
In the earlier discussion, emphasis was placed on the change from the 
completely dry to the completely water-covered or saturated state. In the 
following discussion attention is centered on changes from one inter- 
mediate state to another. 

As indicated in Part 3, a field of force exists over the surface of the 
solid matter of the hardened paste. When molecules, in this case water 
molecules, enter this force field, they are attracted to the surface. In the 
direction normal to the surface the force field of the surface supplements 
the normal cohesive forces between water molecules. The result is 
that the proportion of molecules having enough energy to escape from 
the adsorbed liquid during a given time interval is less than normal 
for the existing temperature. The vapor pressure is correspondingly 
below that of free water at the same temperature. 

The mean specific volume of adsorbed water is less than that of free 
water (see Part 5). The adsorbed water thus appears to be in com- 
pression. This observation has led to the belief that adsorbed water 
is in the same state as would be produced by an external compressive 
force of sufficient magnitude to reduce the specific volume of free water 
to that of adsorbed water. This conclusion was reached by Lamb and 
Coolidge from their experiments showing that for the adsorption of the 
vapors of eleven different liquids, the net heats of adsorption were 
roughly proportional to the compressibilities of the respective liquids. 
However, for several reasons this is regarded as an oversimplified inter- 
pretation of the data. We may note in the first place that increasing 
the external pressure on a liquid densifies it and raises its vapor pressure. 
Although adsorption densifies the liquid, it decreases the vapor pressure. 
In the second place we may note (as will appear later) that the change 
in entropy caused by applying an external force is very much smaller 
than that caused by adsorption, unless the applied force causes a change 
of state. An external pressure produces a uniform compression through- 
out the liquid. The force of adsorption acts, like gravitation, on the 
water molecules individually and the effect therefore must vary with the 
distance from the surface, or from the centers of greatest attraction, 
according to the gradients in intensity of the force-field. 

It seems reasonable to regard the net heat of adsorption as repre- 
senting the result of changes in the internal structure of the water 
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(changes in the association and orientation of the molecules) and in the 
potential energy of the water molecules caused by the mutual attraction 
between the water molecules and the surface. The surface of the solid 
probably remains structurally unchanged. 


Internal energy 

A system in a given state is regarded as possessing a definite quantity 
of internal energy. The system may undergo a gain or a loss of internal 
energy by a gain or a loss of energy in the form of heat, by doing me- 
chanical work, or by having mechanical work done on it. In thermo- 
dynamics, heat gained by the system and work done by the system are 
conventionally regarded as positive quantities. 

According to the first law of thermodynamics the increase in internal 
energy is equal to the difference between the energy gained as heat and 
the energy lost by the system if it does mechanical work on its sur- 
roundings during the process. That is, 


Ce oe erry Ra ee ele et (13) 
where 
AU = increase in internal energy, 
@ = heat gained, and 
w = work done by the system. 


When the external pressure is constant, the work term is proportional to 
the increase in volume. That is, 

i Oo Sa Sata xs bas die dives scenes eee (14) 
in which 


I 


r the constant external pressure, and 
Av = the increase in volume of the system. 

It is conventional to subtract the initial value from the final to obtain 
the increment. For example, AU = Uz, — U,; and Av = v2 — 4. 
The increment is called an increase whether in any given case it is posi- 
tive or not. In the case of adsorption the final energy content and the 
final volume are less than the corresponding initial values. Hence, it 
is advantageous to write in terms of decreases, that is, in terms of 
—AU, — Av, ete. This is done in the rest of this discussion. 


Enthalpy, free energy, and unavailable energy 

For reactions at constant pressure it is customary to let 

aa ae | Ee Or (15) 

~— AH is usually called the decrease in heat content, but, as will be seen, 
it is generally not that and is preferably called the decrease in enthalpy. 

The decrease in enthalpy accompanying an isothermal adsorption 
represents a decrease in two general classes of energy, namely, free 
energy and unavailable energy. That is, 
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— Mw — AG —TAS,,.............00005. (16) 
where 
— AG = decrease in free energy, 
— AS = decrease in entropy, and 


T absolute temperature. 

The term — 7'AS represents the decrease in unavailable energy for 
an isothermal reaction. It is that part of the total energy decrease 
which, at constant temperature, cannot be converted into external work. 
If released, it can appear only as heat. Therefore, the unavailable 
energy can be regarded as stored heat.* In the freezing of water, it is the 
latent heat of freezing. Without reference to underlying concepts, 
entropy, S, can be regarded simply as a capacity factor giving the 
quantity of stored heat in calories per degree of temperature above 
absolute zero. Hence, 7'S is the quantity of stored heat, and 7AS a 
change in stored heat, in calories or in whatever energy unit is adopted. 

The decrease in free energy, —AG, that accompanies an isothermal 
reaction at constant pressure is that part of the enthalpy-decrease that 
might be converted into external work. It is that which promotes all 
spontaneous processes at constant temperature and pressure. In this 
case it is the energy that promotes hydration, adsorption, swelling, 
capillary flow, and moisture diffusion. Such processes always take place 
in such a way as to tend to equalize initial differences in free energy. 
Thus adsorption occurs when the free energy of the free water or free 
vapor is greater than the free energy of the adsorbed or capillary con- 
densed water. Moisture diffusion occurs when adsorbed or capillary- 
condensed water in adjacent regions is at different free-energy levels, 
The free energy per mole of a given substance is known also as its chemical 
potential, or thermodynamic potential. 

For the conditions of most of these experiments (adsorption in small 
granules of paste at constant temperature and atmospheric pressure) the 
decrease in free energy may be assumed to appear entirely as heat. But 
if work is done by the process, as for example against forces tending to 
restrain swelling, the free energy expended for such work will not appear 
as heat. 


*This concept is developed at length in an office memorandum by H. H. Steinour. (Special Report No. 1, 


Series 330, 1945). 


tVery recent developments in this subject indicate that adsorption in a comparatively rigid solid such as 
hardened paste should not be considered to be occurring under a constant external pressure of 1 atmosphere. 
Since, in a rigid body, swellin or shrinkage may give rise to elastic forces that act on the adsorbed layer, 
the pressure on the layer is a a me of the degree of swelling of the paste, and hence of p/p. as shown in 
the section below on Swelling Pressure. Suc h a variation in onterant pressure was dealt with by A.B.D. 
Cassie. See ‘Adsorption of Water by Wool,” Trans. Faraday Soc, v. 41, p. 458 (1945) and earlier papers by 
mogeee | in the same journal. 
Cassie assumed that the swelling of dry wool fiber produced tension in the filaments of the fiber and com- 
reasion “ the adsorbed water. This assumption may not apply to cement paste. The gel is formed in the 
ully swollen-state and the elastic bonds that hold the mass together ental therefore be considered free of 


een in that state, rather than in the dry state as assumed by Cassie. However, since the same reasoning 
may be applied to the growth of wool fiber, Cassie's results seem to indicate that ‘the reasoning is incorrect. 
In view of these uncertainties and the recent date of Cassie's paper, the authors have adopted the usual 
procedures and assumptions for the present paper. A more exact anal 

experimental data are available. 


ysis will not be attempted until more 
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We may note in passing that Av of eq. (15) is in the present case the 
small contraction accompanying adsorption from the liquid state. It 
amounts, on the average, to about 0.13 cc per ce of water adsorbed. 
Hence, for an external pressure of 1 atmosphere, 10° dynes per sq. cm., 

w = 0.13 X 10° ergs. 
or 0.13 & 10° K 2.39 & 10-8 = .003 cal. per g. of water adsorbed. Thus 
it is seen that the work term of eq. (15) is negligible and hence the net heat 
of adsorption represents the change in internal energy of the system. 


Relationship between net heat of adsorption and decreases 
in internal energy, enthalpy, free energy, and entropy 


Since by eq. (13), (14), and (15) —AH = — Q, it follows from eq. (16) 
that: 
~ Om ~ CES FRR. 22. ek (17) 
~ ee GS Pee. ea te (18) 
-@<a@ 
AS = - 5. Samat (19) 


— AG can be computed from the vapor pressure, as will be shown below, 
and AS can be estimated from the measured value of — Q and the cor- 
responding value of — AG. 


Relationship between change in vapor pressure and change in free energy 


As said before, adsorption can occur only when water in the free state 
has a higher vapor pressure than it has after it is adsorbed. When water 
in the free state is adsorbed, the change in its free energy is equal to the 
corresponding change in the free energy of its vapor. Hence, the change 
in free energy when water changes from one equilibrium condition to 
another can be calculated from the corresponding change in the free 
energy of the water vapor. 

The relationship between change in free energy and change in vapor 
pressure may be written 

Ge Oc ios Sed cccivathbicsthlinee eee (20) 
where v and p are the volume and pressure, respectively, of 1 mole of 
vapor at temperature 7’. Hence, if p; is the initial equilibrium vapor 
pressure of the free water and pe the pressure after adsorption, the 
change in free energy is, for such a finite change, 


P2 
AG f REF wc 94 e'aha othe sa eee ole (21) 
Pi 
Assuming that the vapor behaves as an ideal gas, we have 
RT 
th Sees dds on beet eee eae (22) 


Pp 








568 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE January 1947 


Thus, 
AG = RT r. one ek eee (23) 
pi P 
or, 
AG = RT In p2/p, (cal per mole of water)............. (24) 


. This is the change in free energy when 1 mole of free water, or water 
vapor, at vapor pressure p,; is adsorbed by a paste under conditions such 
that the pressure after adsorption is pz. The decrease in free energy 
when the initial vapor pressure is the saturation pressure, p,, and the 
final pressure is a smaller pressure, p, is given—in calories.per g of water 
taken up—by the following equation: 

m 
AG = — - NO Sais 5 ein Sas wine bios (25) 


where M = the molecular weight of the adsorbate. 


For our experiments, 
M = 18.02 (molecular weight of water) 


R = 1.986 cal per deg. per mole 
T = 298 K. 
Using these values and letting In p/p, = 2.303 logio p/p., we obtain 


— AG = — 75.6 logio p/p, cal per g of water...............(26) 


It is to be noted that the solid phase is not directly represented in this 
equation for reduction in free energy (eq. 26). It is indirectly repre- 
sented by the difference between p and p,. Since temperature is con- 
stant and since condensed water is present, p can be smaller than p, 
only through the action of a solute or some agency external to the water. 
The nature of this agency is immaterial so far as the thermodynamic 
relationships are concerned. 


Estimation of decrease in entropy from experimental results 

From eq. (19) it is seen that the decrease in entropy can be obtained 
.from the difference between — AG and — Q. In the present case, — Q = 
Q., the net heat of adsorption in cal per g of adsorbent, an integral 
quantity.* But the decrease in free energy, — AG, is given by eq. (26) 
as the calories lost per gram of water adsorbed when 1 gram of water 
having vapor pressure p, is added to a large quantity of paste having 
vapor pressure p, the quantity of paste being so large that the added 
gram of water does not change the vapor pressure. In other words, 
— AG isa differential. It is therefore necessary to obtain the differential 
net heat of adsorption in cal per g of adsorbed water. This can be done 
by differentiating the empirical Q, vs. w relationship. 


*Note that the tabulated values of Qa, the heat lost, are given as positive quantities. This is customary in 
recording adsorption data. Hence, the recorded values must be multiplied by — 1 before being used in 
the thermodynamic equations in place of Q. 
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The Q. vs. w relationship found in these experiments is similar to 
those found by Katz and others for various materials. Katz found 
that these curves could be represented by empirical equations of the 
form 


Aw 
hg Sh ete Ss neds stad 4 eben eae een (27) 
B+ w 
where Q,. = net heat of adsorption, cal per g of solid, 
w = vapor adsorbed, g per g of solid, and 
A and B = constants for a given system. 
Differentiation gives 
1¢ a A B 
OF a a. Oe a ee (28) 


dw (B + w)? 
The constants A and B of eq. (27) and (28) can be obtained by using 
the following form of eq. (27): 
w B Ww 
Qa A A 
This shows that if experimental values of w/Q, are plotted against w, a 
straight line should result, from which the constants can be evaluated. 
The data for the two pastes used in this study are given in Table 4-3. 
The corresponding values of w/V», and w/Q, up to p = 0.81 p, are 
plotted in Fig. 4-8. The points for 16186 lie close to a straight line. 
Those for 16189 appear more erratic, but between w/V » lL and w/Vm 
= 2 they seem to follow the same line as the other points. At any rate, 


TABLE 4-3—DATA FOR EVALUATING CONSTANTS 
OF NET HEAT OF ADSORPTION EQUATION 























Cement 16186 Cement 16189 

| Qa w w Qa w w 
pie | Va an ek. hee V. Q. 

| cal/g | | g/cal | cal/g g/cal 

| x 10% | x 10° 
0.0 a ae SS 
0.081 239 0.76 3.18 180 0.72 4.0 
0.161 279 0.95 3.40 268 0.98 3.66 
0.322 342 1.37 4.00 327 1.34 4.10 
0.39 376 1.55 4.12 360 1.54 4.28 
0.46 364 Be 4.70 375 1,72 4.59 
0.53 388 | 1.89 4.88 380 1.86 4.90 
0.60 398 2.04 5.13 406 2.08 5.12 
0.70 428 2.48 5.80 456 2.60 5.70 
0.81 442 3.00 6.79 501 3.40 6.80 
0.88 474 3.48 7.34 535 | 4.15 7.76 
0.96 34 4.28 8,02 552 5.50 9.95 
1.00 572 5.50 9.6 572 8.65 | 15.10 
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no distinction between the two pastes seems justifiable on the basis of 
these data alone. 


The constants for the line as drawn are 


B 0.0020 . A 500: 
B 


r 


Vm 0.00152 ; A 655 Vin; 
A 


B LolV¥e ; AB S58 V 1,” 


Hence, for these experimental data, 


Qn 655 w/V m im (29) 
a 131 + w/Vm 
and ‘ 
10, OS 
a , (30) 


dw (1.31 | w/ Vm)? 


Solutions of eq. (26) and (30) are given in Table 4-4 and in Fig. 4-9, 
These data show, for example, that if 1 g of water were added to a very 
large quantity of paste having a water content corresponding to p © 0.2 
P., the quantity of paste being so large that the addition of 1 g would not 
change the vapor pressure, the total heat evolved would be 154 cal per g 
of water. Of this total, 53 cal per g would be due to the change in free 
energy. The curves and,tabulated data based on the equations represent 
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the original data rather closely between p 0.05 p, and p 0.5 p, at 


least for 16186. For lower pressures, the trend of the dQ,/dw curve is 
uncertain. ‘This will be discussed more fully below. 

Table 4-5 gives solutions of eq. (19) and thus gives the change in un- 
available energy and entropy for the same data as Table 4-4. These 
data show that for the pressure range p 0.05 p, to p = 0.5 p,, from 60 
to 70 percent of the heat-loss represents unavailable energy. For adsorp- 
tion of water on cellulose over the same pressure range, Babbitt™ found 
the change in unavailable energy to be 44 to 60 percent of the total. 
This may be taken to indicate that when water is adsorbed by cement 
paste, it undergoes a similar but somewhat greater change than it does 
when it is adsorbed by cellulose. 

Significance of change of entropy 

The decrease in entropy is shown in the last column of ‘Table 4-5. 
That these are relatively large changes in entropy may be judged by 
comparing them with the change in entropy of water in the various 
physical and chemical processes given below: 

(1) For water at 25 C an increase in pressure from 50 atm, to 400 atm, 
causes a decrease in entropy of 0.0023 cal per g per deg.” 

(2) The transition of water to ice at 0 C is accompanied by an entropy 
decrease of 0.29 cal per g per deg. 
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TABLE 4-4—COMPUTATION OF DIFFERENTIAL NET HEAT 
OF ADSORPTION dQ./dw AND FREE ENERGY AG 


dQe 858 














dw = (1.31 +. w/Vm)? , _ AG — —=_— 75.6 logiop/Ps 
| 
D/Ds w/Vin* 131 + W/V (1.31+ dQ. — AG 

w/ Vm)? dw 
>0 iene | hes | - | 500 i 
.05 0.57 1.86 | 3.46 248 98 
r .10 0.76 2.07 | 4.28 200 76 
15 a |; 32 4.97 | 172 62 
.20 1.05 | 2.36 =| 5.57 154 53 
.30 1.30 2.61 6.81 126 40 
.40 1.52 ae 3 8.01 | 107 30 
.50 1.75 | 3.06 | 9.36 92 23 











*Values taken from curve in Fig. 4-2. 


TABLE 4-5—COMPUTATION OF DECREASE IN UNAVAILABLE 
ENERGY, — TAS AND DECREASE IN ENTROPY, — AS 


— TAS = 2 + ag 
dw 





T = 298K 
| |} dQ. | | — AS 
p/ De w/Vn* | dw | -aG | -Tas cal/g 
eal/g cal/g cal/g deg 

>0 — ' 500 — — mis! 

.05 7 | 2 98 | 150 | 0.50 
.10 0.76 | 200 76 124 0.42 
15 we Sa 62 110 | 0.37 
.20 ee’ Saw 53 | 101 | 0.34 
.30 ita tT ae 40 | 86 0.29 
.40 tts 107 30 77 | 0.26 
.50 i’ 8.98 | 92 23 69 0.23 


*Values taken from curve in Fig. 4-2. TAS from eq. (19). 





(3) At 25 C, a pressure of about 9000 atm. will change liquid water to a 
solid of density 1.35 (specific volume 0.74) known as ice VI. This 
change in phase is accompanied by a decrease in entropy of 0.26 cal per 
g per deg. 

(4) The entropy change of a system comprising CaSO, and H,0 when 


the CaSO, acquires two molecules of water of hydration can be computed 
as follows: 


Compound Entropy, S, at 25 C 
CaSO, A eS ee eee ae eee 25.5 
EM eit lire as dca culealso «0s 33.5 

RE oe ee © 59.0 cal/deg 
CaS0O,.2H,0 a, eee oe eee as 46.4 
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if this decrease in entropy of the system is ascribed wholly to the 
water, as is done in the calculations for adsorption, —AS in cal per g of 
water is 
12.6 
2x 18 
(5) For the system Na2SO, and H20 reacting to form Na2SO4.10H20, 
the change in entropy of the system expressed in terms of the water is, 
when computed as above, also — 0.35 cal per g per deg. 
(6) For the system CaO and H,0, reacting to form Ca(OH )s, the change 


in entropy, computed and expressed as above, is — 0.49 cal per g per. deg 
(10a) * 


= (0.35 cal per g per deg 


A comparison of these figures with those in the last column of Table 
4-5 shows that the data have the following indications with respect to 
the change of state of the water adsorbed in the low-pressure range 
indicated by the decrease in entropy: 

(1) The change in entropy is far greater than could be produced by 
pressures lower than the pressure required for solidification of water at 
25 C. 


(2) The change in entropy is fully as great as that corresponding to the 
transition from normal liquid to ice VI, or to water of crystallization. 


(3) The change in entropy for the water taken up at very low pressure, 
p = 0.05 p,, may be as great as the change accompanying the change 
from normal water to hydroxyl groups chemically combined in Ca(OH)s. 


The third conclusion is less valid than the other two. As will be 
brought out below, there is reason to question whether eq. (27) and (28), 
on which Table 4-5 is based, are of the correct form for the low pressure 
range, about p = 0.05 p, and below. If it is not, the estimated — AS 
may be considerably in error in the direction of being too large. Evidence 
can be found to show that —AS reaches a maximum in absolute value 
below p = 0.05p,. At very low relative vapor pressures, the absolute 
value of AS may be about the same as that estimated for p/p, = 0.50. 
This would indicate that the estimated decrease in entropy is the re- 
sultant of several factors and that the full significance of the entropy 
decrease cannot be seen until these factors are known in detail. 


*In Part 2, in connection with Table 5, it was pointed out that the equilibrium relative vapor pressure of 
water over CaO may be much less than that given in the table. The evidence for this statement is found in 
the values for change in entropy and enthalpy for the system CaO0-H20. (The enthalpy change is 847 
cal/g of water. The equilibrium relative vapor pressure may be calculated by reversing the steps in the 
procedure for calculating the entropy change of adsorption. The result is p/pe = 5.6 x 10-. This is to 
be compared with 1.3 x 10-‘ given in Table 5, Part 2. Although the pod wll 4/4 value may be somewhat 
in error, the error is not likely to be great enough to account for a million-fold difference. The experi- 
mental value is open to more question. It is derived from measurements of the relative efficiency of des ic- 
cants. The conditions were such as to warrant the conclusion that the value of p/ps cannot exceed that 
given; the true value can be much less. 

No evidence has been obtained in this laboratory that any of the desiccants listed in Table 5, Part 2, 
actually removed water from Ca(OH)s. If the calculated value is accepted as being of the right order of 
magnitude, then the dehydration of Ca(OH): by these desiccants would not be ex pected. 
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In general, the data indicate that some of the adsorbed water under- 
goes a pronounced modification, but the nature of the modification 
cannot be deduced from the data alone. In Part 3, reasons were given 
for considering the adsorption process to be a physical one—van der 
Waal’s adsorption. These data are generally compatible with that 
view, although the estimated —AS values in the low pressure range 
appear to be rather larger than might be expected. Thus, the possi- 
bility of some of the water being taken up by a chemical process is not 
precluded by these data. 


THE ENERGY OF BINDING OF WATER IN HARDENED PASTE 


The heat of adsorption is a measure of the energy that must be sup- 
plied to enable adsorbed water molecules to -break away from the force 
field of the adsorbent and become vapor. Similarly, the net heat of 
adsorption (dQ./dw) is a measure of the energy required to restore 
adsorbed water to the normal liquid state. That is, the net heat of 
adsorption is a measure of the energy of binding between the evaporable 
water and the solid phase. In the same way, the heat of reaction of the 
non-evaporable water is a measure of the energy of its binding. 


In this connection the value of dQ,/dw when evaporable water = 
zero is of special interest. According to eq. (27), this value is equal to 
A/B. For the data of Fig. 4-9, A/B = 500 cal per g. Steinberger 
remarked that when the vapor pressure is near zero, the surface is so 
sparsely populated with adsorbed molecules that the molecules can be 
regarded as having no effect on each other, and therefore the net heat of 
adsorption at the limit where, in this case, w/Vm approaches zero is a 
measure of the binding energy of the evaporable water molecules in the 
gel. In this case it has the further significance that it should also be a 
measure of the energy of binding of the least firmly bound part of the non- 
evaporable water. This will become evident when it is remembered that 
in Part 2, Tables 3 and 4, it was shown that the water content of the 
sample dried over Mg(Cl04)2. 2H 20 is a point on a smooth curve relating 
water content to vapor pressure. If the chosen drying agent had been 
P.0;, the non-evaporable water contents would have been 80 percent of 
the present values, and the evaporable water contents would have been 
correspondingly higher. For example, in Fig. 4-6, the non-evaporable 
water content would have been 0.163 instead of 0.204. If the heat of 
reaction of the increment of water (0.204 — 0.163) is the same as the 
average for all the non-evaporable water, the heat of solution of the dry 
sample would have been 555 cal per g, represented by the point of inter- 
section of line B and the ordinate at w = 0.163. If the heat of reaction 
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of this increment is less than the average, the heat of solution would fall 
below line B.* 

Similarly, had a desiccant of higher vapor pressure been used, the non- 
evaporable water content would have been higher and the heat of solu- 
tion of the dried sample lower, the point falling somewhere on the curve 
now representing evaporable water. The average heat of reaction of the 
non-evaporable water would have appeared lower. 

It is thus clear that the maximum net heat of adsorption cannot be 
greater than the minimum heat of reaction of the non-evaporable water. 
Since the minimum heat of reaction of the non-evaporable water cannot 
be greater than the average for all the non-evaporable water, the maxi- 
mum net heat of adsorption cannot exceed the average heat of reaction 
of the non-evaporable water and is probably less. 

This is rather positive evidence that eq. (28) cannot represent the 
data all the way to w = 0. Hence, the value 500 cal per g for w = 0 
obtained from eq. (30) cannot be accepted; it is too high.t This conclusion 
is represented by the curved dotted lines in Fig. 4-8. The line termina- 
ting at w/Q, = 2.40 * 10-* g per cal corresponds to the average heat of 
reaction of the non-evaporable water in sample 16186, 416 cal per g. 
It is therefore the lowest possible terminus for the line representing that 
sample. The other point, at 2.55 X 10° g per cal, is the lowest possible 
terminus for sample 16189. It corresponds to the average heat of re- 
action, 392 cal per g of non-evaporable water. 

As discussed in Part 2, one microcrystalline hydrate known to occur 
in hardened paste is Ca(OH)2. The heat of formation of this compound 
from CaO and H;0 is about 15,260 cal per mole.“?) Expressed on the 
basis of the water, as for the net heat of adsorption or the heat of re- 
action of non-evaporable water, this amounts to about 847 cal per g of 
water. This figure is to be compared with the 392 and 416 cal per g 
of water found as the heat of reaction of the non-evaporable water for 
the two paste samples. It is thus apparent that a considerable portion 
of the non-evaporable water in hardened paste has much less energy of 
binding than the part that is in Ca(OH).. From the relationship pointed 
out above it follows also that the most firmly bound adsorbed water is 
loosely bound as compared with that in Ca(OH )>. 

The total net heat of adsorption has already been shown to be about 
572V,, cal per g of sample. The average for the gel water alone is 
therefore about 572Vm + 4Vm = 143 cal per g of gel water. We can 
now observe that the maximum net heat of adsorption is of the order of 
400 cal per g (392 cal per g of water for one paste and 416 cal per g for the 


~ It cou could not fall very far below line B, however, since the curve would still have to pass through the 
point at w = 0.204 in line with the smooth curve. It is estimated that the lowest point in Fig. 4-6 that 
would meet this requirement would be at about 550 cal per g and w = 0.163. 

Lipr conclusion may be true also with respect to the use made of eq. (28) by Katz, Steinberger, Babbitt, 
and others. 
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other). How much of the adsorbed water has this relatively higher 
energy of binding cannot be told from these data. However, an estimate 
can be made of the average binding energy of the first layer with the aid 
of Fig. 4-10. This is a plot of Q./Vm vs. w/Vm for both sets of data up 
to about w/V, = 3. This shows that the average net heat of adsorption 
of the first layer is about 300 cal per g of water for 16186 and about 
270 cal per g for 16189. This estimate embodies the assumption that 
all the water taken on in the low pressure range is held in the first layer, 
that is, that the layers form consecutively as the pressure is raised. 
This is probably not true. According to the B.E.T. theory, when w/V,, 
= 1.0, p = about 0.2 p, and about 85 percent of the water would be in 
the first layer at this pressure. The rest would be in higher layers. Such 
a correction, very doubtful as to accuracy, would indicate an average 
net heat of adsorption of about 320 to 350 cal per g of water in the first 
layer. 

Data published by Harkins and Jura“ are instructive in this respect. 
These authors found, by’ direct calorimetric measurement, the net 
heat of adsorption of water on anatase (titanium dioxide) to be as 
follows: 


Average for: 


Ee ee 364 cal per g of water 
0 ESS re 76 
I ad Reali 3 5 6c eshte pias 25 
aS a a 4.4 
Ci no 64 a a aces ass 2.2 (?) 
IE ee 1.7 (?) 

| NS SS SP ae Oe ae 473 cal per g of water 


Since these quantities were computed from experimental data on the 
assumption that the layers formed consecutively, the average per layer 
is directly comparable with the figures obtained from Fig. 4-10 without 
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correction for the overlapping of layer-formation. Thus, 364 cal per g 
for the first layer adsorbed on anatase is comparable with 270 to 300 
for the first layer on dried paste. At least a part of the difference is due 
to the presence of air in our experiments, for the adsorption on anatase 
occurred in a high-vacuum system. The general indication is that the 
first layer of water on cement paste is bound with about the same energy 
as the first layer on anatase. 


A comparison of the average heats for successive layers is not feasible 
because the shapes of our curves are undoubtedly influenced by capillary 
condensation and the presence of air. 


‘ 


NET HEAT OF ADSORPTION AND C OF THE B.E.T. EQ. (A) 


As previously indicated, the constant C of the B.E.T. eq. A is related 
to the heat of adsorption as follows, 
Qi — Q 
C=ke ** 





where 
Q; = heat of adsorption for the first layer, cal per mole, 
Q, = heat of liquefaction, cal per mole 


R = gas constant = 1.986 cal per mole per deg 
T = absolute temperature 
k = constant 


Brunauer et al. assumed that constant k does not differ significantly from 
unity, «nd, hence, that 
Q1 i Qr = 2.303 RT logo C 


This assumption no longer appears valid in the light of the derivation of 
the equation by statistical-mechanical methods recently reported by 
Cassie.) On the contrary, it appears that k is of the order 0.02 or less. 
It follows that (Q,; — Qz) calculated on the assumption that k is unity 
must be too low. However, in some cases, k might approach unity so that 
(Qi — Qz) calculated on this assumption would approach the experi- 
mental values. 


The experimental data obtained by the air-stream method show that, 
for cement pastes, about 90 percent of the values of C lie between 17 and 
23. For the particular samples used in the calorimeter tests, C = 22. 
On the assumption that k is unity, C = 22 corresponds to 102 cal per g. 
This is to be compared with 472 cal per g found experimentally. That 
is, the value of k appears to be far less than unity. 


Similar results were obtained in the adsorption of water on non- 
porous adsorbents by Harkins and Boyd, as shown by the following 
data :(14) 
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Qe Qa 
Kind of (B.E.T.) (Observed) 
solid cal/g cal/g 
TiO, (anatase) 133 445 
SiO2 (quartz) 139 511 
BaSO, | 178 416 





Here also k must be much less than unity to account for the results. 

The analysis made by Cassie clarifies somewhat the significance of 
C, making it appear as a factor which expresses the distribution of 
molecules between the first and higher layers and placing less emphasis 
upon its relationship to the heat of adsorption. At the same time, it 
clarifies the significance of constant V,,. So long as k was assumed to be 
unity, the discrepancies between calculated and experimental net heat 
of adsorption raised doubts about the acceptance of V,, on theoretical 
grounds. Now it appears that this doubt can be dissolved to a con- 
siderable extent, though not completely. In any case, it may be noted 
that the acceptance of V,, as a measure of surface area, discussed in Part 
3, rests mainly on the outcome of empirical tests, rather than on literal 
acceptance of the assumptions used in the derivation of the B.E.T, 
equation: 


SWELLING PRESSURE 

Limited-swelling gels 

When some kinds of gel are placed in contact with a suitable liquid, 
they imbibe liquid and swell until they have become molecular or colloidal 
solutions. This is called unlimited swelling. The same gels with another 
type of liquid may imbibe only a limited amount and show correspond- 
ingly limited swelling. Such observations suggest that the tendency to 
swell on contact with a liquid is a manifestation of a tendency of the 


material to dissolve or at least to peptize to the colloidal-solution state. . 


When swelling is of the limited type, the tendency of the liquid to pene- 
trate and disperse the solid is evidently opposed by cohesive forces that 
bind the mass together. 


Portland cement gel in water belongs to the limited-swelling class. 
Like other gels of its class, it is not able to swell beyond the dimensions 
established at the time of its formation. However, it will shrink on 
loss of evaporable water and swell when evaporable water is regained. 
As mentioned elsewhere (see Part 2) it undergoes a permanent shrinkage 
on first drying; that is, only a part of the initial shrinkage is reversible. 


When the tendency of a swelling body to expand is resisted, the body 
may be able to exert great force. For example, dry wooden wedges 
driven into rock seams will split the rock when the wedges are allowed 








a. ie” “eee ee: Cee”: ie 
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to take up water, a method of quarrying used by the ancient Egyptians.“ 

It is thus understood that swelling is a movement of the solid units 
of the gel that can be prevented only by suitable application of force. 
The magnitude of the force required to prevent swelling, the so-called 
swelling pressure, can be ascertained from a consideration of the free- 
energy changes that occur when a swelling body takes up a liquid at a 
given constant temperature. 


Idealized cement gel 

In the following derivation it will be assumed, contrary to fact, that 
the solid particles of the cement gel are not interconnected. Also, the 
possible effects of any non-gel constituents will be ignored. It will be 
assumed that these disconnected gel-elements are colloidal particles 
and that they are packed together in such a way that all interstitial 
space is filled with adsorbed water. Thus we assume that we are dealing 
with a highly concentrated colloidal solution. These assumptions make 
it possible to ascertain the conditions governing the movements of 
adsorbed water in an actual paste, without the modifying effects of 
elastic forces in the solid phase. Also, it eliminates the complication 
introduced by the presence of capillary space. This will be dealt with 
later. 

The thermodynamics of the swelling of such an idealized gel can 
be treated as if the gel were a true solution. The swelling pressure is 
related to vapor pressure in the same way that osmotic pressure is related 
to vapor pressure. The following treatment follows Glasstone’s treatment 
of osmotic pressure.“® (See also references (7) and (11)). 


Derivation of equation for swelling force 
Imagine a vessel containing the idealized gel, its water content such 

as to give a vapor pressure less than that of pure water at the same tem- 
perature. If pure water were placed in contact with this gel, the gel 
would imbibe water and swell until the vapor pressure of the water 
within the gel became equal to the vapor pressure of pure water. If the 
external pressure on the gel (which acts alike on both the solid and the 
liquid phases) were increased sufficiently, the vapor pressure of the 
water in the gel could thereby be made equal to that of free water at the 
same temperature. Under this higher external pressure, the gel would be 
unable to imbibe water and swell. The increase in pressure required to 
prevent swelling when a dry or partially dry gel has access to free water 
is, as said above, defined as the swelling pressure. 
Let P, = existing external pressure, 

P = external pressure on the gel when it is in equilibrium with free 

water under external pressure P,, 
P — P, = AP = swelling pressure, 
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G, = free energy of pure water at external pressure P,, and 
G = free energy of adsorbed water at external pressure P,,. 


The increase in external pressure required to equalize the free energies 
of the adsorbed and free water is given by the following expression 


P 20) 
G, = G gel dP aa es |e ee ee ee a ee et 
. (3 T a 


For a system such as this the change in free energy with pressure 
at constant temperature can be shown to be equal to the rate of change in 
volume of the system with change in water content—on the molar basis, 


the “partial molal volume” of the adsorbed water, V. That is, 


(-2) SS ee (32) 
AP/Tr 


: ee 
G,=G+ a Re ME Nh oe (33) 


Hence, 


The increase in free energy of the adsorbed water that takes place 
when the external pressure is increased can be expressed in terms of the 
corresponding changes in vapor pressure. If 


G = free energy of adsorbed water under initial external pressure, P, 
and G, = free energy of adsorbed water under external pressure P, 
then G, — G = AG = increase in free energy when external pressure is 
raised from P, to P. The respective free-energies are related to vapor 
pressures as follows: 
ee ee i ew pa debs ees (34) 
and 
er esas dec teseswecs (35) 
where 
G, = free energy of free water in a chosen reference state, and 
~, = vapor pressure of free water in the chosen reference state. 
Hence, 
ce a oe ET BO SD on. wk ec cece (36) 
and, by eq. (33) 


: 
f Sg, (37) 
P 


An exact solution of eq. (37) for swelling pressure would require knowl- 
edge of the relationship between the specific volume of the adsorbed 
water and change in external pressure. This relationship is unknown; in a 
real paste containing capillary water as well as gel water it must be rather 
complicated. Although the water is densified by adsorption forces in a 
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partially dried sample containing capillary water, it is also subjected 
to capillary forces that tend to extend it. Without knowledge of the 
relationship, it is necessary to assume V to be independent of pressure 
and hence a constant. On this assumption, integrating eq. 37 gives 
P—P,=AP= a ln p/ps . 
y 
In terms of ordinary logarithms and specific volume, V becomes Mov, 
and the swelling pressure becomes 
_RT 
Us 
Solutions of eq. 39 are given-in Table 4-6. The value of specific 
volume of adsorbed water used in these computations is 0.87, the mean 
specific volume of the gel water. (See Part 5). This value is no doubt 
too low for swelling at high vapor pressures and too high at low pressures, - 
but it should be preferable to the specific volume of free water, ordinarily 
used for this computation. 


AP = 





EIS, on 6 ehcda papas be ecwae eee (39) 


TABLE 4-6—COMPUTED POTENTIAL SWELLING PRESSURE 


RT : 
AP <= — Mo, 2-303 logiop/ps; 7’ = 298K; M = 18.02; vy = 0.87; R = 82.07 cc, atm 
per deg per mole; AP = — 3593 logiop/p,atmospheres or AP = — 52,810 logiop /ps psi 


Swelling pressure, AP 





P/Ps — ——_—_ |_____—_- 
atmospheres psi 

1.00 0 0 
0.95 80 1178 
0.90 165 2419 
0.80 348 5118 
0.70 557 8181 

0.60 | 797 11710 
0.50 1081 15900 
0.40 1430 21010 
0.30 1879 27620 


Computed values such as those given in Table 4-6 have never been 
satisfactorily tested experimentally, owing to experimental difficulties. 
For an idealized gel, there is little reason to question the results, except 
for the error introduced by assuming the specific volume of the adsorbed 
water to remain constant. At least, they are in line with general ob- 
servations as to the enormous forces that swelling bodies are able to 
develop when the tendency to swell is restrained. 

It should be understood that the pressures indicated cannot exist 
unless the movement of swelling is prevented; the so-called swelling 
pressure is really the potential pressure. Also, the potential pressures 
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given correspond only to a condition wherein a specimen at initial vapor 
pressure p is exposed to liquid water or to vapor of pressure p,. If the 
specimen is exposed to vapor having a pressure p’ such that p’ is greater 
than p but smaller than p,, the potential swelling pressure may be com- 
puted from the pressure ratio p/p’. 


Relation of idealized behavior to that of cement paste or concrete 

A hardened cement paste or concrete differs from the idealized gel 
discussed above. The gel in the paste is not composed of discrete particles 
but is apparently a coherent, porous mass held together by solid-to- 
solid bonds. Moreover, it contains microcrystals and aggregate particles 
that resist the shrinkage of the gel. Consequently, swelling (or shrink- 
age) in concrete is partially opposed by the elastic forces developed 
throughout the mass according to the relationship 


ee sharp du dk bes «a4 (40) 
where 
a = the coefficient of compressibility, 
AP, = change in elastic force, and 


AV = change in over-all volume of concrete. 


Thus, a change in volume induced by the swelling or shrinking of the gel 


may be partially opposed by a force that is, presumably, proportional to 
the change in volume. 

However, swelling pressure, as defined above, should be very nearly 
the same for concrete as for the idealized gel, for if the swelling is pre- 
vented, AV of eq. (40) is zero and the increase in external pressure required 
to prevent swelling is only that required by eq. (39). However, the re- 
quired increase in external pressure per unit gross area of concrete may 
be less than AP of eq. (39) if the adsorbed water is effective over less than 
100 percent of the cross-sectional area of the concrete. In other words, 
the maximum externally manifested swelling pressure could be less than 
the theoretical, but not greater. 


MECHANISM OF SHRINKING AND SWELLING 

Volume change as a liquid-adsorption phenomenon 

When volume change is regarded as a swelling phenomenon, as was 
done in deriving eq. (39), the force is considered to arise from attraction 
between the liquid and the solid surface. In regions where the solid 
surfaces are separated slightly, the solid-to-solid attraction tends to 
draw the solid surfaces together, and at the same time the solid-to- 
liquid attraction tends to draw the water in between the surfaces. If 
the water is exposed, its tendency to evaporate or its surface tension, 
or both, give rise to an opposing force that tends to draw the water 
out of the adsorbed layer. Thus, the adsorbed water in the gel is the 
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subject of competing forces, and when these opposing forces are in equilib- 
rium the rate of volume change is zero. 

From this conception of the mechanism of shrinking and swelling 
it would appear that the over-all volume change of the paste should be 
proportional to the change in spacing of the solid bodies that are held 
apart by adsorbed water. This spacing should decrease as adsorbed 
water is withdrawn and increase as adsorbed water is added. Since the 
first layer is much more strongly held than the higher layers, the volume 
change should be of the order of magnitude that could be accounted for 
by changing the spacing of the particles by only 2 molecular diameters, 
about 5 or 6 Angstrom units, per particle. 

To see whether this is within the bounds of possibility, we may con- 
sider the data on the particle-size of the solid phase. Imagine the 
solid matter to be made up of equal spheres having a specific surface 
equal to that of the hardened paste. The spheres are in some character- 
istic array that encloses voids equal to the observed pore-volume in the | 
paste. The addition of an adsorbed layer of water will be regarded as 
equivalent to increasing the sphere radii and hence their center-to-center 
spacing. The corresponding change in over-all volume is related to the 
change in radius by the well known relationship for small changes, 


where 


I 


over-all volume, 
AV = change in over-all volume, 
r = sphere-radius, and 
Ar = change in sphere radius. 

When hardened paste is dried to equilibrium with a very low vapor 
pressure, virtually all the adsorbed water is removed. Hence, the 
possible change in volume may be computed from the thickness of the 
adsorbed layer and the particle-size of the solid phase. The thickness of 
the adsorbed layer may be conservatively estimated at one water-molecule 
diameter, or about 2.74. The equivalent sphere radius of the paste 
particles is estimated at 70A (see Part 3). Hence, 

AV 3X27 

V 70 
That is, a change in particle spacing corresponding to the addition or 
loss of one molecular layer per particle would, under the assumptions 
given, result in an over-all volume change of 16 percent. 

Shrinkage measurements on thin, neat-cement slabs, w,/c = 0.5 
by weight, showed a linear shortening of 0.7 percent when all the evapor- 
able water was removed. This corresponds to a volume-shrinkage of 


= 0.16 
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about 2 percent, or about one-eighth the amount theoretically possible. 

Thus, it appears that the loss or gain of the first adsorbed layer could 
more than account for the observed amount of volume change. The 
smallness of the observed volume change, relative to the calculated, 
could be explained as being due to the restraining effect of non-shrinking 
bodies embedded in the gel, and elastic forces developed at points where 
the gel particles are joined by solid-to-solid bonds. 

However, the figures should not be taken too literally. If the particles 
composing the mass are not of equal size and shape, the above com- 
putation does not apply exactly. However, unless the simplifying 
assumption leads to as much as an eight-fold error, which seems un- 
likely, the conclusion that swelling could be due to changes in adsorbed 
water content is well within the limit of possibility. 

* * * + 

It should be observed particularly that by the theory outlined above 
the change in volume is not considered to be the result of forces acting 
on the solid phase. Instead, the change is assumed to be the result of 
an unbalance of the forces acting on the adsorbed water, and the con- 
sequent changes toward establishing an equilibrium between those 
forces. 


Volume change as a capillary phenomenon 

The shrinkage and swelling of rigid porous bodies that undergo volume 
changes much smaller than the corresponding changes in water content 
are regarded by some as capillary phenomena. Plummer and Dore," 
for example, describe shrinkage of some soils as the result of tension in 
the capillary water. The reaction of this tension produces compressive 
stress in the solid phase and thus causes a reduction in volume or length. 
The force of capillary tension is given by the following equation, 


f= o(+ + ‘) ae bs (42) 
ry re 


where F = force of capillary tension, 
o surface tension of water, and 
r,; and rz = principal radii of curvature of the menisci. 

The curvature of the water surface is determined by the size and shape 
of the pores in the solid. Apparently the pores are such that as the 
water content of the body diminishes, the curvature (concavity) of the 
water surface increases (the radius decreases) and thus the shrinkage 
force increases. 


Swelling on increase in water content can be accounted for by this 
theory only by assuming that shrinkage produces elastic strains and 
thus, when the shrinkage force is released, elastic recovery causes ex- 
pansion. 





—_— = hl! 


—  — 
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When concrete undergoes shrinkage for the first time, it is unable to 
regain its original dimensions when it becomes resaturated. This can 
be accounted for in terms of the capillary theory by assuming that the 
stresses of shrinkage cause plastic flow in the solid phase. Hence, the 
permanent shrinkage, that is, the irreversible part of the initial shrinkage, 
can be regarded as permanent set. 


According to the capillary-tension theory, any porous body containing 
small liquid-filled capillaries should contract as the water is removed 
until the evaporable water content and vapor pressure pass the limit 
below which a meniscus cannot exist. When this limit is passed, the 
body should expand. In concrete, this limit might be found at the 
water content corresponding to p =0.45 p,; it certainly would be found 
at some pressure greater than p = 0.00. However, concrete and, as 
Plummer and Dore” point out, fine-grained soils shrink and swell 
with changes in moisture content even when the moisture content is too 
low for the existence of a meniscus. In concrete at least, shrinkage is 
at a maximum when the evaporable water content is zero.* It is thus 
apparent that the capillary theory alone will not suffice. 

The relationship between tension in the capillary water and volume 
change of cement paste can be clarified with the aid of Fig. 4-11. Here, 
as in Part 3, the paste is represented by a model composed of spheres. 
Each sphere represents gel substance together with its associated voids 
(gel water) and non-gel solids. The interstices between the spheres 
represent capillary spaces outside the gel.t 


Kach sphere of Fig. 4-11 is supposed to contain gel water and be in a 
state of swelling determined by its water content. The water content 





Fig. 4-11. 














_*Shrinkage probably increases further with loss of some of the non-evaporable water on heating in dry 
air. No data are available, however. 
tIt must be emphasized that the authors do not know the shapes of the solid bodies composing hard- 
ened paste (except for small amounts of microscopic material) or how they are linked together. The 
model is offered only because the conditions pictured thereby are such as to give the same adsorption 
characteristics as hardened cement paste 
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in turn is determined by the existing vapor pressure. The capillary 
water is represented as lenses around points of contact or near-contact 
between the spheres. The volume of water in each lens is determined 
by the curvature and position of the spheres and the curvature of the 
water-surfaces. The latter is determined by the existing vapor pressure 
according to the relationship 

hd 4+. i =— AT iris Vxin nc whan otes «8s (48) 


ry) Te Moyo 
where 
r, and rg = principal radii of water-surface curvature, 
o = surface tension of the water, 
and the other symbols have the same significance as before. Eq. (43) is 
the Kelvin equation discussed in Part 3. 


‘ ; 1 1 ‘ de : ' 
For finite values of — + — the capillary water is in tension, the tensile 
Ty T2 


force F being 


F=ge¢ (4 + +) =— Re OS (44) 
Ty re Mv, 


Comparison of this with the swelling-pressure equation (eq. 39) 
shows, as must needs be, that for equilibrium with a given vapor pressure 
p, capillary tension equals potential swelling pressure. That is, potential 
swelling force is the result of the tendency of water to enter the gel and 
capillary tension opposes that tendency; at equilibrium the two forces 
balance. * 


Fig. 4-11 is drawn so as to depict a condition in which the gel is only 
partly covered with capillary-condensed water. In those areas not 
covered, the tendency of the water molecules to enter the gel is opposed 
by their tendency to evaporate. This has the same effect as tension 
arising from a meniscus. 


It has been remarked before that the classification of gel water and 
capillary water adopted in this discussion is somewhat arbitrary. Some 
of the gel water may occupy space beyond the force-field of the solid 
material and may therefore be properly classed as capillary water. 
Nevertheless, even if a less arbitrary definition of capillary water were 
adopted, the concepts developed above would seem to apply: The 
spheres in Fig. 4-11 would represent the gel-substance together with 
whatever part of the total water-fillable space is predominantly in- 


*Strictly speaking, the free energies of the adsorbed water and capillary water are equal at equilibrium, 
rather than the intensity of forces. That is, at equilibrium. 
APvry = Fre . (Eq. (39) and (44)) 
Since vy for the adsorbed water is not the same as that for capillary water, AP and F cannot be exactly equal. 
The discussion in the text, though perhaps not rigorously correct, leads to easily visualized concepts that 
should not be misleading. 
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fluenced by van der Waal forces. The interstices would represent the 
rest of the water-fillable space in the paste. 


Relationship between change in volume and change in water content 


According to the concepts set forth above, swelling and shrinking 
should depend on the amount of adsorbed water in the gel. That is, 
presumably, 

AV =k 2” 

Va 

where k is a proportionality constant connecting change in over-all 

volume, AV, with change in the amount of adsorbed water, Aw,, per unit 

surface of the gel, as represented by V,,. In the range of vapor pressures 

where capillary condensation takes place (p>0.45 p,), any change in 

adsorbed-water content would be accompanied by a change in capillary 

water content, Aw,, so that Aw,, the change in total water content = 
Aw, + Aw,. Hence, 





AV = ad ity ~ DOS. awe rents ote oop edo (46) 


It follows from this that the change in over-all volume will be related 
to the total change in water content differently in different samples 
according to the ratios of adsorbed water to capillary water in the re- 
spective samples. We should expect, therefore, that the greater the 
ratio Aw./Aw,, the smaller the average AV /Aw, for a specimen con- 
taining a given amonnt of gel. 

A wholly satisfactory experimental check of this deduction cannot 
be offered at this time because available volume-change data pertain to 
shrinkage accompanying desorption whereas data leading to the evalua- 
tion of V,, and w, are derived from adsorption measurements. How- 
ever, shrinkage data bear out eq. (46) in a general way. The best avail- 
able example of this is given in Fig. 4-12, representing a part of a study 
of shrinkage by Pickett.“ It was found that the course of shrinkage 
during the drying of a concrete prism could be represented by an equa- 
tion analogous to the heat-flow equation. If shrinkage were directly 
proportional to the concomitant water-loss, the same equation should 
apply also to water-loss. Pickett found, however, that the water-loss- 
vs.-time curve could not be represented by a single equation of the 
heat-flow type. But, by assuming that two classes of water are lost 
simultaneously during drying, the loss of water in each class following 
its own law, he could represent the experimental results with two equa- 
tions of the heat-flow type. This is shown in Fig. 4-12. Pickett called 
the water that seemed to be unrelated to shrinkage W, and the rest 
W,. The relative proportions W, and W, assumed for the computations 
were arrived at by trial. In the figure the ‘‘a’’ water is represented 
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by the computed curve marked W,. ‘The ‘“b’’ water is represented by 
the computed curve marked W,, which also represents shrinkage when 
appropriate ordinate scales are used. The sum of the ordinates of 
these two curves gives the curve marked W, + W,. The crosses repre- 
sent the observed total water-losses and the circles the observed shrinkage. 


Thus Pickett’s experimental data support the deduction expressed 
in eq. (45) and (46) that volume change is directly proportional to a part 
of the total water-loss. It remains for future experiments to prove or 
disprove the deduction that the part responsible for volume change is 
the adsorbed water. It is of interest in this connection that in Fig. 
4-12 the “‘b” water constitutes 60 percent of the total lost at 50 percent 
relative humidity. The highness of this proportion suggests that shrink- 
age is proportional to the loss of gel water rather than to the loss from 
the first adsorbed layer only. This indicates that w, of eq. (45) includes 
about the first four layers of adsorbed water. 


CAPILLARY FLOW AND MOISTURE DIFFUSION 


In connection with this discussion of the thermodynamics of adsorp- 
tion, about all that need be said about capillary flow and moisture 
diffusion is that these phenomena take place as a result of inequalities 
in free energy. Under isothermal conditions, capillary water will move 
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if the effective radius of curvature (see eq. (42)) is not the same on all 
exposed surfaces of a continuous body of capillary water. In Fig. 4-11 
it is apparent that the addition of water, by condensation or otherwise, 
to the outer concave water-surfaces, would decrease the curvature of 
those surfaces. Water would therefore flow inward until the inner 
water-surfaces would have acquired the same curvature as the outer. 

Where capillary water is absent, adsorbed water will move along any 
continuous surface if a gradient in the free energy of the adsorbed water 
exists. If an inequality in free energy exists between water on discon- 
nected areas, the transfer of water will occur by distillation through the 
vapor phase. If surface migration and distillation are both physically 
possible, both will occur simultaneously. However, in an extremely 
fine-pored substance such as the gel in hardened paste, most of the 
transfer is believed to be effected through surface migration. 


Inequalities in free energy 

Inequalities in free energy under isothermal conditions arise from 
inequalities in moisture content, as shown indirectly by the water- 
content-vs.-vapor-pressure isotherms shown in Part 2. Hardened cement 
paste is of such nature that a change in moisture content of a given 
region in the paste, however slight the change may be, changes the free 
energy of the water in that region.* 

Inequalities in free energy under isothermal conditions may also 
arise from deformations of the solid phase. In Fig. 4-11 we can see that 
if the spacing of any pair of spheres were changed, the surface curvature 
of the water lens would likewise change. ‘This would require a redistri- 
bution of moisture to restore equality in free energy of the capillary 
water throughout the system. Also, a change in external pressure acting 
on the adsorbed water would change the free energy of the adsorbed 
water, as indicated by eq. (32) and (33). 

Thus inequalities in stress and strain produce inequalities in the free 
energies of both the adsorbed water and capillary water and thereby 
induce redistributions of moisture within the mass. This, as has been 
pointed out by Lynam,®® Carlson,?® and others, is an important 
factor in the gradual yielding of concrete under sustained stress known 
as creep or plastic flow. The changes in moisture distribution cause 
localized shrinkings and swellings with consequent changes in the de- 
formation of the body as a whole. 


EFFECT OF TEMPERATURE CHANGES 


The experimental part of these studies has not included measure- 
ments of the effect of temperature changes. However, some of these 


*If, however, the external pressure on the adsorbed water changes at the same time, the relationship 
between water content and vapor pressure will not be the same as when external pressure remains constant. 
See later discussion, 
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effects can be deduced qualitatively with the aid of the theories and 
principles introduced above. 


Effect on swelling 
It was shown in eq. (44) that at equilibrium the capillary tension equals 
the potential swelling pressure. That is, 


AP = r=ol! + | “i Pee, OS a ee 
i ae Mo, 
Since an increase in temperature causes an expansion of the adsorbed 
water, the surface curvature of the water in the lenses must decrease. 
Moreover, the surface tension of water decreases with increase in tem- 
perature. Hence, the capillary tension must decrease with increase in 
temperature, provided the water content remains constant. This in 
turn would mean that an increase in temperature would cause expansion 
owing to swelling, in addition to the thermal expansion. However, if 
the specimen is initially saturated, no change in swelling pressure can 
occur because for this condition capillary tension is zero, or insignifi- 
cantly small. Obviously, if the specimen contains no evaporable water, 
no swelling due to moisture can occur when the temperature is increased. 

Evidence of this may be found in data published by Meyers." The 
coefficients of thermal expansion of neat cement and concrete prisms 
were measured at various degrees of saturation, with results as shown 
in Table 4-7. 


TABLE 4-7—MEYERS' DATA ON THERMAL EXPANSION 
FOR SATURATED AND PARTLY SATURATED SPECIMENS 


(Temperature range 70 to 120 F) 


Thermal coefficient 


Type in millionths 
of for condition indicated 
material . 
Sealed storage After soaking 
for 9 mo. for 1 week 
Normal portland cement 10.3 5.7 
Concrete (flint aggregate) 8.1 1.9 
Cement-sand mortar 1:1 9.2 6.3 
High-C,S cement 11.4 5.6 


Note that the sealed specimens* show much greater expansion than 
the same specimens after soaking. According to the foregoing discussion, 
the figures in the last column represent the true thermal coefficient 
of the solid phase, whereas those in the first column represent the com- 
bined effect of thermal expansion and swelling caused by the decrease in 
swelling pressure. 


*The specimens were stored in copper-foi!l jackets with soldered seams. Even though sealed they could 
not remain fully saturated. 
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It was stated above that if all the evaporable water is removed, a rise 
in temperature would not cause swelling. This too is confirmed by 
Meyers’ data, as shown in Table 4-8. These data show that driving 
out all the evaporable water (or most of it) reduced the thermal co- 
efficient of a specimen below that of the same specimen in the partially 
saturated state. Comparison of Tables 4-7 and 4-8 indicates that the 
thermal coefficient for the “bone-dry’”’ and saturated states are about 
equal. 


TABLE 4-8—MEYERS' DATA ON THERMAL EXPANSION— 
EFFECT OF EXTREME DESICCATION 


(Temperature range 70 to 120 F) 


Thermal coefficient 


Type in millionths 
of for condition indicated 
material — 

Before Dried 1 week 
drying at 100 C 

High early strength cement 9.1 6.0 

White cement 10.4 6.5 

Normal portland cement 8.0 6.0 

Concrete (limestone aggregate) 4.1 2.3 


Meyers found that the introduction of a liquid that does not cause 
swelling, kerosene, did not change the thermal coefficient appreciably.* 


Effect on diffusion 

If temperature gradients are established in a concrete mass, water 
must move in the direction of descending temperatures. This follows 
from rather simple considerations. An increase in temperature in any 
region of the mass must be accompanied by an increase in the water 
vapor pressure in that region in accordance with the Clausius-Clapeyron 
equation. Water then moves toward the regions of lower temperature 
where the vapor pressure is lower. 

The movement of water thus induced is accompanied by shrinkage in 
the regions where the temperature is increased which tends to offset the 
expansion due to swelling and thermal expansion. Conversely, in the 
regions where the temperature is lowered, swelling tends to offset the 
shrinkage and thermal contraction. However, these effects cannot be 
evaluated quantitatively at present. 

Combined effect of stress, strain, and temperature gradients. 

It can readily be seen that deformations of the solid phase and tem- 
perature changes together or separately cause moisture movements in 

*It should be observed that a single thermal coefficient cannot correctly be assigned to a given : apenas 


of Concrete. The “coefficient” is a variable that changes with ev: aporable water content. The function 
must be such that the coefficient is a minimum for the bone-dry and saturated states and a maximum for 


some intermediate evaporable water content. Mevers’ data indicate that the variation with change in 
evaporable water content is far from insignificant. 
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concrete. ‘The separate effects may combine in different ways so that 
they may offset or augment each other at a given point in the mass, 
During a period of heating, cooling, or changing external force, the 
separate effects may combine in different ways at different times at the 
same point. The over-all result is that in concrete subjected to changing 
external forces or temperature or both, the evaporable water must be in a 
continual state of ‘flux. If the ambient humidity also fluctuates, the 
internal moisture movements are still further complicated. Possibly 
these effects have an influence on the ability of concrete to withstand 
weathering. 


SUMMARY OF PART 4 


(1) This part deals with energy changes of adsorption and with their 
relationship to shrinking and swelling, capillary flow, and moisture 
diffusion. 

(2) The net heat of adsorption is the heat in excess of the normal 
heat of condensation that is released when water vapor is adsorbed. 
The total net heat of adsorption of hardened paste is approximately 
equal to the heat of immersion of the adsorbent. 

(3) The net heat of surface adsorption is that part of net heat of ad- 
sorption that has its origin in interaction of the adsorbed molecules 
and the solid surface. It is related to the heat of spreading-wetting and 
in cement paste is equal to about 472V m.* 

(4) The net heat of capillary condensation is the total heat of water- 
surface formation. It is about equal to the difference between the heat 
of immersion and the heat of spreading-wetting. In cement paste it 
is equal to about 100V,, cal per g. 

(5) The net heats of adsorption at 11 different initial water contents 
were measured, using two different samples of hardened paste. 

(6) The total net heat of adsorption was found to be about 572V» 
cal per g or about 670 ergs per sq cm of solid surface. This is about the 
same a8 the heat of immersion of various mineral oxides in water. 

(7) Among portland cements of all types the total heat of hydra- 
tion ranges from about 485 to 550 cal per g of non-evaporable water. 
Data from two cements indicate that of this amount about three-fourths 
is due to the heat of reaction of the non-evaporable water and the rest 
is due to the net heat of adsorption of the evaporable water. 

(8) The total internal energy change of adsorption is equal to the 
change in enthalpy minus a small ‘‘PAv’”’ work term representing the con- 
traction in volume under constant external pressure that accompanies 
adsorption. The enthalpy change is thus essentially equal to the net heat 


*Vm = weight of adsorbed water required to cover the surface of the solid phase with a monomolecular 
ayer. 
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of adsorption and is the sum of the free energy and unavailable energy 
changes, 1.e., 
Q. = AH = AG + TAS, 
where 
— Q, = net heat of adsorption, 
AH = change in enthalpy, 
AG = change in free energy, 
AS = change in entropy, 
T = absolute temperature, 
TAS = change in unavailable energy. 

(9) The free energy change of water that occurs when the water be- 
comes adsorbed can be expressed in terms of vapor pressure change alone. 
When the initial and final vapor pressures are p, and p, respectively, 

— AG = — 75.6 logiop/Ds. 
where 
p = existing vapor pressure 
ps = saturation vapor pressure 

(10) Unavailable energy is equal to the difference between the net 

heat of adsorption and the corresponding free-energy term, i.e., 
TAS = Q, — AG. 

(11) Entropy change, AS, is an indication of the extent to which 
adsorption modifies the adsorbed water. The data show that for water 
isothermally adsorbed at low vapor pressure the entropy change of 
adsorption is of the same magnitude as that accompanying solidifica- 
tion, or the combining of water in a salt as water of crystallization. 

(12) The differential net heat of adsorption is the differential of the 
Q.-vs.-w relationship. It is at a maximum for the first increment ad- 
sorbed, and becomes zero with the last increment at p = py. 

(13) The maximum differential net heat of adsorption is about 400 
sal per g of water. This is also the minimum heat of reaction of the 
non-evaporable water. Expressed on the same basis, the heat of com- 
bination of water in Ca(OH). is 847 cal per g of water. This shows that 
the maximum energy of binding for evaporable water and the minimum 
for non-evaporable water is much less than that of the bond of water 
(i.e., hydroxyl groups) to calcium. 

(14) The average net heat of adsorption of the gel water appears to be 
about 143 cal per g of gel water. The average for the first layer of ad- 
sorbed water appears to be about 270 to 300 cal per g. These figures 
are probably too low owing to the effect of adsorbed air. 

(15) The logarithm of the constant C of the B.E.T. equation is theoreti- 
cally proportional to the net heat of adsorption. Recent work has shown 
that assumptions concerning the proportionality constant made by 
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B.E.T. are invalid and that values of net heat of adsorption based on 
this assumption are too low. 

(16) Cement gel belongs to the limited swelling class of gels. 

(17) Swelling pressure is the increase in external pressure required to 
prevent swelling. It can be estimated from the following relationship: 

AP = —- = 2.303 logiop/ps , 
Mo, 
where 
AP = swelling pressure, excess over normal external 
pressure, 
R = the universal gas constant, 
M = molecular weight of adsorbate, 
vy, = specific volume of adsorbate. 
This gives the pressure required to prevent the isothermal swelling of 
a gel dried to vapor pressure p when it has access to free water. 

(18) The externally manifested swelling pressure of concrete would 
probably be less than that calculated from the above equation. 

(19) The order of magnitude of the total volume change of hardened 
cement paste can be accounted for on the assumption that the change 
is due to the removal or addition of the first laver of adsorbed water 
molecules. 

(20) Total volume change cannot be regarded solely as a capillary 
phenomenon, since expansion does not occur when the evaporable water, 
and hence meniscuses, disappear. When capillary water is present, 
capillary tension is equal to swelling pressure when the system is at 
equilibrium. 

(21) Experimental data show that volume change is directly pro- 
portional to a part of the total change in water content. This agrees 
with 19, which implies that volume change is independent of the change 
in capillary-water content. The data suggest that volume change may 
be proportional to the change in gel-water content, rather than to the 
change in the first layer only. 

(22) Capillary flow or moisture diffusion or both occur under isotherma! 
conditions when there are inequalities in the free energy of the evapor- 
able water in different regions in the specimen. Inequalities in free 
energy under isothermal conditions arise from inequalities in moisture 
content, from deformations of the solid phase, and from inequalities in 
external pressure on the adsorbed water. Resulting moisture movement 
is an important factor in plastic flow. 

(23) An increase in temperature causes a decrease in swelling pressure 
of partially saturated pastes and thus causes an effect on volume change 
in addition to the usual thermal expansion. Evidence of this is found in 
data obtained by Meyers. 
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(24) Changes in external forces and changes in ambient temperature 
and humidity keep the evaporable water of a partially saturated specimen 
in a continual state of flux. This possibly influences durability. 
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Appendix to Parts 3 and 4 


This appendix gives tables of non-evaporable water, w,, water required for the first 
monomolecular layer of adsorbed water, Vm, the ratio Vn/wa, the B.E.T. constant C, 
and the computed surface of the dry paste for all the series used in this discussion. 

In estimating V, for some of the groups of data from plots of ; , = : versus w,* 

u 
the same value of C could be used for all items in the group. In other groups the data 
could be represented best by using different values of C for different items. In some in- 
stances the points were too few and too scattered to establish the slope of the line. When 
this was true, a value of C was estimated and the line was drawn in such a way as to 
conform to the experimental points and the assumed value of C as closely as possible. 

The samples of Series 254-265 were dried over concentrated H»SO, instead of 
Mg(ClO,)2.2H20. This accounts for the relatively low ratio of Vm/w, and low values 
of C for this group. 


*See Part 3. 


TABLE 1—V,,, C, COMPUTED SPECIFIC SURFACE 
AND OTHER DATA FOR SERIES 254-265° 


Cement 14502 











| wn, @ per « of: Vin, & per g of: Sp. surface 

Age . | . | of dry 
Ref. at Original Dry Original Dry Vm Cc paste, 
No. teat, cement paste cement | Paste | Wn } om? /g 

dayst } millions 
323 110 160 137 | (024 | .0210 | 162 | 8.6 0,75 
506 110 179 _ 158 030 0266 . 168 11.7 0.95 
509 110 | ,183 167 O31 .0287 | 172 8.5 11 
512 110 200 182 030 0272 150 7.8 0.97 
515 110 232 208 037 0336 160 5.2 | 1.290 
518 110 226 107 036 Ogil | 1548 i a 8 
521 110 | 219 | “189 037 0324 | 170 3.7 | 1.16 


*Samples of this group were dried over concentrated H2SO«¢ inatead of over Mg(ClOg)s,.2//.0 asin the other 
testa. tApproximate. 


TABLE 2—V,,, C, COMPUTED SPECIFIC SURFACE 
__ AND OTHER DATA FOR SERIES 254-MRB 

















Fey 
Aue ‘wn, a/m of: } Vm, w/a of: | Sp. surf 
Cement Net at . of dry 
No. w/e teat, Original | Dry Original | Dry Vim ( } paste, 
days cement paste cement | paste | Wn | | om?/g 
| } | millions 
— - — — | 
14805-1AQ . 382 120 2171 . 1784 O57 047 260 18 1.68 
14809-1LPC . 388 120 . 2225 . 1820 O56 046 253 18 1.4 
14900-158C | 446 126 2274 . 1853 OSS 047 254 18 1.68 
14901-2AQ | 301 126 2228 | 1822 O54 O44 242 | 18 1.57 
14902-2PC 393 133 . 2273 1852 056 046 248 is | 1.57 
14903-28C 424 133 . 2271 1851 O56 O46 248 os. 1.64 
14904-3AQ 425 162 2284 . 1850 O61 050 268 | is | 1.79 
14905-4 PC Ail 162 2261 Is6O 0638 O52 278 18 | 1.46 
14906-38C 476 174 2544 . 1906 063 | OBI 2648 18 1.82 
14907-4AQ 406 173 2185 | .1797 060 049 273 | «18 | 1.75 
14908-4 PC 304 200 . 2249 . 1836 060 O41 207 «| 18 1.75 
14909-48C 483 200 2265 | .1840 059 048 ee See 
14910-5AQ 460 204 . 2282 . 1858 O50 048 258 | 18 1.75 
14011-5PC 464 204 2204 . 1866 060 O49 262 | 18 1.7 
14912-58C AnD 212 2252 . 1838 O62 O51 276 | 18 1.82 
149143-6AQ .410 212 , 2206 , 1807 062 O51 282 | 18 1,82 
14914-6P7C 424 222 2253 . 1839 060 oAy 206 | - J 1.75 
14915-68C 437 222 2240 1830 060 | (040 268 18 1.75 
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TABLE 3—V,,, C, COMPUTED SPECIFIC SURFACE 
AND OTHER DATA FOR SERIES 254-K4B 
st, - mee = a = — 7 - — eee ee Ei —_—— — 
i. Age wn, w/a of: Vin, w/e of: Sp. surf. 
at { == --|— - --- Vea of dry 
Cement Net test, Original Dry Original Dry a Cc paste, 
No. w/c days cement paste cement paste em?’ /g 
* millions 
13721-18 .470 174 . 2231 . 1824 0634 0518 18 1,85 
a 13722-1P 473 180 . 2332 .1891 0618 0501 18 1.79 
: 13723-1Q .425 180 2290 1863 0597 0486 18 1.74 
n 13730-48 463 144 .1786 .1515 0486 0412 .272 18 1,47 
13731-4P 460 138 .1772 1505 0426 0362 240 18 | 1.29 
0 13732-4Q .450 138 1773 . 1506 0447 0380 252 18 1.36 
| 
13733-58 427 150 . 1650 .1416 | | 
of 13734-5P 453 | 146 . 1589 .1371 } 
13735-5Q 456 150 1650 1416 
~ | 
13736-658 471 196 .2148 .1768 0591 0486 275 18 1.74 
13737-4P - 191 2207 . 1868 0637 0518 277 18 1.85 
13738-6Q 447 191 . 2220 .1817 0559 } 0457 252 18 1.63 
13740-7P 473 | 164 | .2305 | .1932 | .o682 | .0550 | .285 1s | 1.96 
18741-7Q 480 171 2390 . 1929 0617 .0498 258 18 1.78 
13752-11P 5 | 164 1571 | 05387 |*,0453 288 18 1.62 
13753-11Q 440 | 172 . 1594 .0530 | .0446 280 18 1,59 
13763-158 485 202 .1785 0597 0490 275 | 18 1.75 
ce 13764-15P . 196 .1742 0545 0450 258 18 1,61 
13765-15Q 445 | 202 . 1804 0553 0453 251 18 1,62 
13766-168 322 .1733 0504 O491 283 18 1.75 
13767-16P 404 223 141 0040 0522 284 | 18 1,86 
13768-16Q 456 223 | . 18387 0623 0509 .277 18 1,82 
13778-208 72 170 | .2308 . 1875 0611 04906 265 18 1.77 
13779-20P 162 | 7 | .2320 | [1889 | 10565 0458 242 is | 1.64 
13780-20Q 1360 | 176 | - 2262 . 1845 0569 0464 252 18 1.66 
er . 
TABLE 4—V,,, C, COMPUTED SPECIFIC SURFACE 
AND OTHER DATA FOR SERIES 254-8 
; ) ie SAS 
Age we, w/a of: Vim, w/a of: Sp. surf. 
Ref. at Net Va Cc of dry 
No test, | w/e Original Dry Original Dry Wn paste, 
| days cement paste cement paste om'/g 
| } millions 
Cement 14930J 
254-8-1 | 447 312 1808 | .1530 053 O45 | .204 21.0 ) 1.61 
254-8-2 362 443 2006 1671 062 052 | 310 21.0 | 1.83 
254-8-i 362 592 2101 1736 066 O54 313 21.0 |} 1.94 
Cement 15007J 
254-8-2 | 470 B61 | .1980 | .1652 063 052 316 18.0* | 1,.86* 
254-8-20 |; 440 464 2160 1782 O58 O48 | 268 | 17.0 1,70 
254-8-30 } 470 505 2323 I8S5 .060 049 256 20.6 1.7% 
Cement 150113 
254-8-40 478 319 1843 | .1566 | .O051 043 276 | 18.0 | 1.54 
204-8-41 368 | 442 2102 | .1737 .058 O48 | 276 | 16.4 1,73 
254-8-42 | 368 506 2218 1815 062 O51 280 15.0 1.81 
Cement 15013J 
254-5-46 330 "833 2185 | .1703° 052 043 230 19.2. 1.53 
254-8-47 333 454 | 2407 . 1040 | O58 | O47 | 242 | 17.6 1,67 
254-8-458 333 500 2527 2017 O57 O45 | 224 17.6 | 1.63 
eBes) l r : 
Katimated;: ; va. x does not give atraight line, 
w J 
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TABLE 5—V,, 
AND OTH 




















a 
Age wn, g/e2 of Vm, 2/g of: 
Ref. } at |-——— ——_-|———_ —— 
No. test, Original | Dry | Original} Dry | 
days cement paste cement | paste 
: + Soars eer aes 4 ioe 
Cement 14930J; w/c at 2 hr. 0.309 
254-9-1 7 0804 | .0744 | .021 | 019 
Mix A 14 0994 | .0904 .027 024 
} 28 1071 .0967 034 031 
56 1292 | 1144 043 038 
| 90 1497 .1302 | .046 040 
180 | 1620 1400 =|) = .050 .043 
365 1704 1456 .049 042 
w/e at 2 hr. 0.424 
254-9-2 7 0798 0739 |} .O21 020 
Mix B 14 1029 | = .0933 028 025 
28 1165 | = 1044 | .037 033 
56 1352 | =.1191 | .049 043 
95 1735 1479 | .053 045 
| 183 1853 . 1564 | 059 050 
|} 365 | 1953 | 1634 | = .059 049 
w/e at 2 hr. 0.573 
254-9-3 | 7 | .0822 | 0760 | .022 | .020 
Mix C 14 0896 | 0822 | .028 | .026 
ia 1214 | .1083 043 038 
} 56 1638 | 1407 | .049 042 
} 90 1850 | 1561 | .055 | .046 
| 180 2008 1672 | 056 047 
| | | 
365 2142 1764 | .069 | .057 
Cement 15007J; w/c at 2 hr. 0.318 
254-9-4 7 1259 | .1118 | .036 | .032 
Mix A 14 1404 1231 .041 | .036 
28 1538 .1332 | .042 | .036 
56 1681 1439 =| .047 040 
90 1729 | 1474 | .048 041 
| 180 | 1835 .1550 048 041 
w/e at 2 hr. 0.432 
254-9-5 7 1334 1177 | .036 032 
Mix B 14 «| 1498 1303 042 037 
, a 1714 .1463 | .045 038 
| 56 1847 1559 «| «(1049 041 
| 90 1924 1614 | 056 047 
| 180 | 2018 1679 055 046 
w/e at 2 hr. 0.582 
254-9-6 % | 7 ~ 1560 | .1350 | .037 | .032 
Mix C } 14 | 1634 1405 | .042 | .036 
28 1839 1553 050 | 042 
56 2035 1690 .053 | .044 
90 2049 1700 | 1056 | [046 
180 2132 =| 1757. | .060 | .050 
Cement 15011J; w/e at 2 hr. 0.338 
254-9-7 7 1137 1020.) .033 029 
Mix A 14 1333 1176 | 036 .032 
28 | 1430 1251 | .045 | .040 
56 | 1557 .1347 | .046 | .040 
90 | 1643 1411 .043 | .037 
} 180 1705 . 1457 045 .038 
365 1760 1497 048 041 
w/e at 2 hr. 0.433 
254-9-8 a ne Se ae 033 
Mix B 14 1527 | .1825 | .0388 | .033 
28 1654 | 1419 | .045 | .039 
56 } .1781 1512 047 .040 
90 | .1913 1606 | .051 043 
180 | 1986 1657. | .056 
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C, COMPUTED SPECIFIC SURFACE 


E 





| 046 


*Calculated before rounding Vm values to 2 significant figures. 


R DATA FOR SERIES 254-9 


Sp. surf, 





Va* | | of dry 
a > a | paste, 
em?/g 
| millions 

258 | 18 0.70 
274 | 18 0.88 
321 | 18 1.11 
330 18 1.35 
304 | 18 1.41 
310 21 1.55 
290 21 1.51 
268 18 0.71 
276 | 18 0.92 
319 | 18 1.19 
363 22 1.54 
306 18 1.62 
319 21 1.78 
302 21 1.76 
270 18 0.73 
313 18 0.92 
351 18 1.36 
.298 | 18 1.50 
.298 | 18 1.66 
279 | 18 1.66 
324 Is 2.04 
284 IS 1.17 
295 18 1.30 
276 16 1.31 
281 22 1.44 
276 25 1.45 
265 16 1.46 
270 1S 1.14 
278 23 1.29 
265 1S 1.39 
266 68 1.48 
290 | 20 1.67 
27 16 1.63 
1s 1.13 

20 1.29 

18 1.51 

18 1.57 

16 1.66 

20 1.78 

288 25 1.05 
268 16 1.13 
317 22 1.42 
296 22 1.43 
263 22 1.33 
264 25 1.37 
273 25 1.46 
304 22 1.19 
247 27 1.17 
272 23 1.38 
266 23 1.44 
267 23 1.53 
280 | 16 1.66 


(Concluded on p. 599) 
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TABLE 5—CONCLUDED- 
a - = - —_—_——— —— T ee ae are — 
Age | wn, @/@ of: | Vim, @/@ of: | Sp. surf. 
Ref. at arenes, eee "mee |— a Vn* | | of dry 
No. test, Original | Dry | ¢ riginal : me b Se } Cc | paste, 
days cement | paste cement paste | | em?/g 
| | | millions 
Bi Cement 150113; w/c at 2 hr. 0.570 
254-9-9 | 7 | .1314 | .1161 = 034 | .030 | .261 | 27 1.08 
Mix C 14 | .1567 | .1855 | .030 034 252 | 22 | 1.22 
28 1756 . 1494 047 | .040 268 | mw I 1.43 
56 | 1953. | 1634 054 | .045 | 274 17 | 1.60 
| 90 2046 | 1698 | 056 046 272 16 | 1.65 
| 180 2136 3 1760 _ 057 | 047 266 16 | 1.67 
Cc ement ti 501: J; /e at 2 hr. 0. 324 
254-9-10 7 | 1488 | .1295 036 | .031 240 21 1.11 
Mix A 14 . 1639 1408 039 033 236 20 1.19 
28 wit | 1461 | .043 | .036 | .250 23 1.30 
56 . 1802 | 1527 } .046 | .039 | 254 22 1.38 
90 | .1913 1606 047 | L040 248 22 1.42 
180 | . 1877 | 15 580 051 043 272 29 1.54 
w/eat 2 hr. 0.443 — 
254-9-11 7 1556 | .1346 | .037 | .032 235 21 1.13 
Mix B | 14 1828 1545 | 042 | 036 232 21 1.28 
} 28 1770 | 1504 048 041 271 21 | 1.46 
6 2085 | 1725 053 044 254 | so | 1.57 
90 2152 1771 057 047 263 15 1.67 
180 2356 . 1907 058 047 248 16 1.69 
w/e at 2 hr. 0.611 
254-9-12 7 1583 | 1367 | .033 029 211 27 1.03 
Mix C 14 1828 | 1545 040 .034 219 21 1.21 
28 2028 | 1686 | .046 | .038 226 21 1.36 
56 2208 1809 | 055 | 045 250 16 1.62 
90 | 2357 1907 058 047 245 19 1.67 
180 2447 | 1966 | 059 047 239 17 1.68 
Cement 15365;.w/c at 2 hr. 0.322 
254-0-13 7 1326 | 1171 034 030 254 24 1.06 
Mix A 14 1515 1316 037 032 243 24 1.14 
28 1488 1295 | .044 038 294 | 20 1.36 
. 56 .1786 1515 047 040 264 22 1.43 
90 | .1789 1518 048 040 267 20 | 1.45 
180 1815 1536 046 039 256 25 1.40 
w/c at 2 hr. 0.439 
254-9-14 7 1394 1223 034 030 244 265 1.06 
Mix B 14 1711 1461 043 037 253 20 1.32 
28 1841 1555 054 046 295 19 1.64 
56 2105 | 1739 | 055 045 261 19 1.62 
90 2150 hha | 056 | 046 263 | 20 1.66 
180 2224 18: | 060 | 049 =| 269 | 19 1.75 
w/c at 2 hr. 0.587 
254-9-15 7 1530 .1327 | .037 032 242 25 1.15 
Mix C 14 1855 | 1565 045 038 241 22 1.35 
28 2102 1737 055 045 261 19 1.62 
56 2213 1812 057 047 259 22 1.68 
00 2206 | 1867 062 051 271 19 1.81 
180 2546 2029 } 060 O48 235 19 1.70 
w/e at 2 hr. 0.244 
254-9-15A 7 1152 | 1033 028 | 025 244 33 0.90 
Neat 14 | 2! 1118 030 027 242 33 0.96 
Cement 28 | 1196 032 028 232 33 0.99 
56 1225 } 034 | 029 240 33 1.05 
90 1268 034 | .030 236 33 1.07 
180 1345 035 031 230 33 1.09 
Isotherm A 270 . 1446 032 028 193 19 0.99 
Isotherm B 270 1469 031 026 178 16 0.94 
*Calculated before rounding Vm values to 2 significant figures. 
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TABLE 6—V,., C, COMPUTED SPECIFIC SURFACE 
AND OTHER DATA FOR SERIES 254-11 






























































wn, g/g of: Vm, g/g of: | | Sp. surf. 
Cement Ref. w/e Va* | of dry 
No. No. at |Original| Dry |Original! Dry | |, | ©¢ paste, 
254- 2 hr. cement paste | cement | paste em?/g 
| millions 
Age at test 28 days 
15758 11-1 334 .1707 1458 .043 .037 .252 18 1.31 
a 11-2 -460 . 1962 . 1640 -050 .042 254 18 | 1.49 
15756 11-3 .318 . 1229 . 1094 .034 .031 .281 18 1.10 
nz 114 446 .1325 .1170 .035 .031 .267 8 | 1.11 
15763 11-5 .324 .0922 .0844 .028 .026 . 307 18 0.92 
1 11-6 437 "1013 | 10920 "031 "028 "305 is | 1.00 
15761 11-7 334 .162 . 1395 .041 .035 .251 18 1.25 
a 11-8 .468 . 1852 . 1563 .049 .042 . 266 18 1.48 
15754 11-9 .328 .1703 .1455 044 .037 . 256 18 1.33 
iy 11-10 .449 . 1967 . 1644 .050 .042 . 256 18 1.50 
16213 11-11 .443 .1720 . 1468 047 .040 .273 18 | 1.43 
16214 11-12 .448 . 1854 . 1564 .048 .040 .258 18 1.44 ; 
16198 11-13 444 . 1098 .0989 .032 .029 296 18 | 1.05 
15669 11-14 .452 1084 .0978 .028 .025 263 | 21 | 0.93 
Age at test 90 days 
15758 11-1 .334 .1912 . 1605 .047 .039 245 21 1.41 
8 11-2 .460 . 2227 .1821 .054 .044 244 18 1.59 
15756 11-3 .318 .1492 1298 043 .037 . 287 21 12 
pe 11-4 .446 . 1684 .1441 .045 .038 .267 18 1.37 
15763 11-5 .324 . 1335 .1178 .041 .036 .304 18 1.28 , 
- 11-6 .437 . 1487 1295 .045 .039 .303 18 1.40 ; 
15761 11-7 .334 .1798 . 1524 .048 .040 . 264 18 1.44 
a 11-8 .468 .2120 .1749 .055 .045 .259 18 1.62 
15754 11-9 328 .1951 . 1632 .047 .039 .241 18 1.41 
= 11-10 .449 . 2301 1871 .058 .047 . 250 ee oe 
Age at test 6 days 
15495A |} 11-15 442 | . 1300 | .1150 | .032 | .029 | . 249 19 | 1.02 
15497 | 11-16 .464 .1825 1543 044 .037 240 18 1.2 





*Calculated before rounding Vm values to 2 significant figures. 
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TABLE 7—V,,, C, COMPUTED SPECIFIC SURFACE 
AND OTHER DATA FOR SERIES 254-13 







































































SOs; wn, &/g of: Vm, g/g of: Sp. surf. 
Ref. | w/e | content |———_——————— ——,— } ’ m* | of dry 
No. a. 7 of Original Dry |Original| Dry — 4 C | paste, 
254- 2 hr cement, | cement paste cement paste | em?/g 
| | percent | millions 
Cements made from clinker 15367 
13-1 .493 1.5 .2147 | . 1768 .059 .049 | 275 { 15.4 {| 1.74 
13-2 | .493 1.9 .2108 | .1741 056 .046 . 265 17.7 1.65 
13-3 489 2.4 .2083 1724 .054 .044 257 pe 1.59 
13-4 491 3.5 .1938 . 1623 -048 | .041 .25 21.0 1.45 
13-1B | 486 1.5 2115 .1746 .058 .048 .276 16.5 | 1.72 
13-2B .488 1.9 .2158 1775 .058 .048 -268 | 18.0 1.70 
13-3B .488 2.4 .2151 .1770 .055 .045 254 | 21.0 1.60 
13-4B | 492 3.5 . 2035 . 1691 .050 .041 245 23.3 | 1.48 
Cements made from clinker 15623 
13-5 470 1.5 .1518 | .1317 | .038 .033 17.7 1.17 
13-6 474 2.0 . 1509 .1311 .038 .033 15.4 1.19 
13-7 | 473 2.5 1515 .1316 .038 .033 | 13.5 | 1.19 
13-8 } 480 3.5 1444 . 1262 .038 .034 wae Set 
Cements made from clinker 15699 
13- 9 .498 1.5 . 1992 . 1661 .053 .044 .268 16.5 1.59 
13-10 .499 2.0 . 1937 . 1623 .052 .044 .268 | 17.7 1.55 
13-11 .499 2.5 .1917 . 1609 .049 041 258 OBS 1.48 
13-12 .498 3.5 .1839 . 1553 .046 .039 251 17.7 1.39 
Cements made from clinker 15498 
13-13 .455 1.5 . 2082 .1723 .053 | .044 | 256 21.0 { 1.57 
13-14 .487 2.0 . 1992 . 1661 .050 .042 252 | 21.0 | 1.49 
13-15 .493 2.5 .2004 | .1669 | .049 .041 244 | 21.0 1.46 
13-16 .491 3.5 .1895 | .1593 .047 .040 250 21.0 1,42 
Cements made from clinker 15670 
13-17 .476 1.5 {| .1108 .0997 .031 | .028 282 | 18.0 1.01 
13-18 .479 2.0 .1182 . 1057 034 .030 287 18.0 | 1.08 
13-19 .483 2.5 . 1842 .1555 .042 036 231 18.0 1.28 
13-20 486 3.5 .2087 | .1727 .050 042 241 18.0 1.49 











*Calculated before rounding 


Vm values to 2 significant figures. 
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TABLE 8—V,., C, COMPUTED SPECIFIC SURFACE 
AND OTHER DATA FOR SERIES 254-16 
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— ~~ wn, g/g of: Vm, g/g of: - Se, suet. 
ef. a =|- m of dry 
No. test, Original Dry Original Dry w(t by paste, 
days cement paste cement paste cm?/g 
millions 
Based on maximum weights attained during adsorption test 
16-01A 27 .2031 . 1688 .053 044 259 2 | «(1.56 
16-01B 27 . 2051 . 1702 .053 .044 . 258 22 1.57 
16-01C 29 . 2042 . 1696 052 .043 . 256 22 } 1.55 
Avg. . 2041 . 1695 .053 .044 . 258 22 1.56 
16-02A 42 . 1594 .1375 .037 .032 .230 22 1.13 
16-02B 44 . 1547 . 1340 .035 .030 . 226 22 1.08 
16-02C 44 .1542 . 1336 .036 .031 . 233 22 1.11 
Avg. .1561 1350 .036 .031 . 230 22 i 
16-03A 56 .1412 . 1237 .036 032 255 22 1.12 
16-03B 56 .1416 . 1240 .037 .032 . 258 22 1.15 
16-03C 63 . 1502 . 1306 .039 .034 . 260 22 1,21 
16-03D 63 .1510 . 1312 .039 .034 . 258 22 1.21 
Avg. . 1460 .1274 , 038 .033 . 258 22 . 1.17 
Based on weights at time heat-of-solution 
measurements were made 
1601A tt” 27 .2031 . 1688 051 042 "250 22 1.51 
16-01B | 27 . 2051 .1702 .050 .041 .242 22 1.47 
16-01C | 29 . 2042 . 1696 — —_— —— —_— —— 
Avg. | . 2041 . 1695 .050 .042 246 22 1.49 
16-02A 42 . 1594 .1375 .036 .031 . 223 22 1.09 
16-02B 44 . 1547 . 1340 035 .030 . 224 22 1.08 
16-02C 44 . 1542 . 1336 .036 .032 . 235 22 1.12 
Avg. .1561 . 1350 036 .031 227 : 22 1.10 























*Calculated before rounding Vm values to 2 significant figures. 
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Job Problems and Practice 


In JPP many Members may participate in few pages. So, if you have 
a question, ask it. If an answer is of likely general interest, it will be 
briefed here (with authorship credit unless the contributor prefers not). 
But don’t wait for a question. If you know of a concrete problem solved 
—in field, laboratory, factory, or office—or if you are moved to con- 
structive comment or criticism, obey the impulse; jot it down for JPP. 
Remember these pages are for informal and sometimes tentative frag- 
ments—not the ‘copper-riveted’ conclusiveness of formal treatises. 
“Answers to questions do not carry ACI authority; they represent the 
efforts of Members to add their bits to the sum of ACI bicwber nowledge 
of concrete “know-how.” 


Shrinkage and Temperature Reinforcement in Solid Slab Construction 


(ACI 43-180) 
3y RENE S. PULIDO Y MORALES* 


In the writer’s opinion there is a misunderstanding with respect to 
the plane in which reinforcement should be placed to control the damage 
that may be caused by shrinkage and temperature changes in solid 
reinforced concrete slabs. 

It is well known that the shrinkage of concrete as it sets and the 
temperature and moisture changes after it sets will tend to crack the 
concrete and hence stress the steel. This is cared for by putting rein- 
forcement bars, called temperature reinforcement, at right angles to the 
main steel. In the writer’s opinion the correct place for the temperature 
reinforcement is in the top of the slab. The reinforcement placed at right 
angles to the main steel and in the same plane should take some tem- 
perature and shrinkage stresses but its main function should be the 
distribution of the stress produced by a concentrated load with the 
secondary function to help tie together the main steel. 

The ACI “Building Regulations for Reinforced Concrete (ACI Code) 
says that the temperature reinforcement shall be provided where the 
main steel extends in one direction only. There is no indication of the 
plane in which it is to be placed. 

The writer will review this matter by reference to some of the principal 
reinforced concrete books and graphic standards to open the subject to 





*Chief Engineer, Public Works Dept., Havana, Cuba. 
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definite study and discussion because there is a discrepancy between 
different authors on this subject. 

1. Concrete Masonry Construction, (Portland Cement Association) 
p. 24: Details of concrete floors for residences, in which spans are 
not greater than 16 feet, the temperature reinforcement is in top of the 
slab. 

2. Concrete Floors for Residences, (Portland Cement Association) 
p. 6: “Either wire fabric weighing not less than 25 lb. per 100 sq. ft. or 
4 in. bar reinforcement on 12 in. centers is laid in the top part of the slab, 
34 in. below the surface, when the concrete is placed. Temperature re- 
inforcement is always placed at right angles to the reinforcing steel.”’ 

3. Design of Reinforced Concrete, by Dean Peabody, Jr., p. 32: “.. 
it is wired to the main steel on the side nearest the center of the slab in 
order to preserve the fire-proofing clearance.”’ 

4. Concrete Plain and Reinforced, by Taylor, Thompson and Smulsky, 
Vol. 1: p. 211, “Cross reinforcement, that is, bars at right angles to the 
principal reinforcement, is customarily used to prevent shrinkage and 
temperature cracks.”” Nothing is said about the plane of placing it. 

5. Reinforced Concrete Design, by Sutherland, and Reese p. 243: 
“Some reinforcement is needed cross-wise of the panel at right angles to 
the main rods. This serves to space the steel during construction.”’ 

6. Data Book for Civil Engineering, by Elwyn E. Seelye, section 1-40: 
“The temperature reinforcement is placed in the same plane of the main 
steel in the side near the center of the slab.” 

7. Architectural Graphic Standards, by Ch. G. Ramsey and H. R. 
Sleeper, p. 82: ‘The temperature reinforcement is placed on top of the 
slab.”’ 

Opinions about this subject are conflicting and tend to create con- 
fusion. In the writer’s opinion the ACI, by a statement of the appro- 
priate committee or by incorporation into the appropriate standard, 
could make a definite recommendation on the exact location for the tem- 
perature steel in solid slab construction. 


Cracking Tendencies in Brick or Stone Masonry Walls at the Structural Slab 
(ACI 43-181) 


Q—A Member of the Institute writes essentially as follows on the 
subject of cracking of masonry walls at the structural slab: “I have 
designed a number of masonry buildings where the outside walls were 
wall bearing, and found that the brick or stone masonry has a tendency 
to crack near the top of the structural slab. 
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“Sometime ago I saw an article gotten out by the Federal Public Works 
Administration which said that this cracking was due to flexure in the 
slab, and my experience makes me believe that this is more or less true. 
As I remember the article, no remedy was suggested. 

“Engineers in this area have been deepening the slab support at the 
inside face of the brick wall one brick below the bottom of the floor slab 
and putting bars running parallel to the building and at right angles to the 
slab reinforcement on the side walls, and parallel to reinforced slabs on 
end walls. 

“T cannot see how this will remedy the cracking, but would very much 
appreciate it if you have any recommendations on this difficulty. 

“T have particularly noticed this condition as being troublesome in 
two- and four-way reinforced slabs of long span that I designed for a six 
story building here sometime ago. My present building is a four story 
building and the architect insists that the building be wall bearing .in- 
stead of concrete or steel frame, which type of building I prefer’. 


A—Cracking of the type described developed in housing projects 
built during the thirties and in 1938 a thorough field investigation of 
about seven such projects in the Great Lakes Region was made. 

Several reasons for cracking in masonry were found, but the two main 
ones which specifically apply to the case under discussion are curling 
of slabs and creep of parapets. 

A solid concrete slab without any edge rib tends to sag in the center 
and to lift itself off the supports at the corners. This deformation is 
probably due to differential shrinkage, but its own weight and the super- 
imposed load will add to the curling because of deflection. The presence 
of reinforcing in the bottom of the slab tends to accentuate the effect. 
Some of the masonry will stick to and be lifted by the corner of the slab 
and thus cracks may develop in the wall. 

In one place a concrete roof slab on wall bearing over some garage 
stalls was observed. There was no parapet in this structure. In the 
front, this slab was cast integrally with 18 in. deep reinforced concrete 
beams and there was no sign of cracking or curling at this edge. In the 
back, however, the slab rested directly on the wall without any rib or 
spandrel beam and here the curling and cracking were plainly seen. 

The use of a very shallow rib along the edge of the structural slab is 
sound in principle, but rather than add just a couple of in, to the slab 
thickness it might be better to play safe and make the total depth of the 
rib at least 10 or 12 in. 


The best way to overcome curling is, in the writer’s opinion, to use the 
construction commonly called concrete frame or ‘‘skeleton’’ construction. 
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The 1938 report said, ‘It is recommended that all floor and roof slabs 
be supported on exterior and interior concrete columns, and that the 
ordinary masonry be laid up as curtain walls after the concrete skeleton 
has been completed. Curling, and curling defects, do not exist in concrete 
frame buildings.” 


This brings us to the last point mentioned which is whether it is 
better for the four-story building to be wall bearing or to be concrete 
frame. This is a question that is often discussed and practically all 
the writer’s experience has been that the skeleton construction is prefer- 
able. The 1938 report stated: 

“Frame construction may be erected in less time than wall bearing 
jobs. The concrete and the brick crews are constantly changing place 
on the same building of a wall bearing type of construction. The inevit- 
able interference slows down the work considerably. In concrete frame 
jobs the concrete crew finishes an entire structure in one continuous 
operation, then moves to the next building, while the brick crew moves 
in on the frame construction already erected and completes the work 
in one continuous operation. This is a marked advantage. 

“Cost studies have been made of housing units comparing wall bearing 
with frame construction. ‘The studies were made in cooperation with a 
contractor who has built two low-cost housing projects. 

“The contractor’s opinion is essentially as follows. In bearing wall 
projects, concrete forms must be passed in and out through windows, a 
procedure which slows up both the concrete crew and the bricklayers. 
The work would be expedited through the use of frame construction with 
wall columns. The contractor’s opinion is that structural frame would 
be more economical than bearing wall construction.” 

If one makes up a bill of materials and applies the regular unit costs, 
he will generally find that the wall bearing type of construction has a 
slight advantage over the frame type. This cost relationship, however, 
is often misleading because it does not take into account many factors 


that have important bearing on the job economy. It appears that most 
competent contractors would prefer to put up a concrete frame rather 
than a wall bearing building. That is the way most of them talk and 
their arguments for the frame type seem to make sense. 
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Current Reviews 


of Significant Contributions in Foreign and Domestic Publications, 


prepared by the Institute's Reviewers 


Beams in pre-stressed reinforced concrete—Ill 
P. W. Anecews, Concrete and Constructional Engineering, V. 41, No. S 


Reviewed by GLENN Muneny 


The concluding number of the series discusses bridge construction using prestressed 
beams. ‘Typical designs are illustrated and comparison of costs included 


Alignment charts for continuous beams 
M. Apter and Eb. Sueriey, Concrete and Conatructional Engineering, V. 41, No. 8 
Reviewed by Guenn Moneny 
The authors present a procedure for determining the bending moments in continuous 
beams based on the “degree of fixity’? method. Alignment charts are given to facilitate 
calculations and three examples are included 


A method of constructing reinforced concrete flats 
Concrete and Constructional Engineering, V. 41, No. 8 (Aug. 1046), pp 250-2 


“Reviewed by Giurenn Munpouy 

This article describes the design and construction of seven large reinforced concrete 
buildings erected in Canada several years ago. It is suggested that the same procedure 
could be used to advantage in the construction of residential buildings. Five-inch 
insulated concrete walls with outside faces covered with stucco were used. It is suggested 
that precast reinforced concrete be used for floors and roofs, 


Major heavy-duty concrete runways with no expansion joints 
Engineering News-Record, V. 137, No. 16 (October 17, 1946), pp. 102-103 
Reviewed by 8. J, Ca amuxnitn 
All new concrete runways and taxiways at the Fairfield-Suisan, Calif., Army airbase 
were designed for gross loads of 375,000 Ib. The concrete runway paving is 18 in. thick, 
increasing to 27 in. in the outer 25 ft. on each side of the 200-ft, strip. Although there 
are no expansion joints, contraction joints were formed at 12)4-ft. intervals by placing 
metal strips in the freshly placed concrete and removing after intial set. The concrete 
was paved in 25-ft. strips, with dowels on 18-in, centers between strips. Seven vibra- 
tors in line were used after studying results obtained with other arrangements, 
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Mechanically applied cement mortar used to reline 31-in. water main 
Gerratp W. Jones, Engineering News-Record, V. 137, No. 16 (Oct. 17, 1946), pp. 104-106 
Reviewed by 8S. J. Cuamper.iw 

A \4-in. cement-mortar lining was placed in about two miles of 31.4-in. steel water 
line at Los Angeles without removing the pipe. Bacterial slime was removed by heavy 
concentrations of chlorine. After dewatering, access holes were cut and the pipe was 
scraped and scrubbed by hand. The mortar was spread on the pipe by a compact 
machine consisting of a centrifugal dispensing head and three slowly revolving trowels. 
The mixture was 1:114 with a water-cement ratio of 234 gal. per sack not including 
the moisture in the sand. Curing was effected by keeping newly-lined sections closed 
off to the circulation of air. Cost of the lining was $3.30 per ft. 


Milk plant designed for rapid erection 
Engineering News-Record, V. 137, No. 8 (Aug. 22, 1946), pp. SS-91 
Reviewed by 8. J. CHAMBERLIN 

The four-story plant has a skeleton steel frame with concrete-encased steel girders. 
The reinforced concrete floor slabs form panels 20 x 22 ft. The panels are supported 
in two perpendicular directions at about the third points by reinforced concrete beams. 
Slabs are 5 in. thick and to simplify formwork the beams are all 8 in. wide. On any one 
floor the ribs and girders have a constant depth. Detailed planning of the forms for 
each floor before cutting any of the wood permitted re-use of the forms with little 
trimming even though the depths varied from floor to floor. To provide for possible 
reconversion of the structure, the steel girders of the second floor are bolted to the 
columns. Thus the second floor may be removed without affecting the stability of the 
building. 


Flume crosses canyon on a rigid frame 
Engineering News-Record, V. 137, No. 14 (Oct. 3, 1946), pp. 86-87 
Reviewed by 38. J. CHAMBERLIN 

The flume, capable of carrying 1,000 cfs. over the 150-ft. deep canyon of the Crooked 
River in Oregon, is supported by a reinforced concrete rigid frame consisting of two legs 
sloping at 45 deg. The inclined legs, like the horizontal girder (the flume) they support, 
were designed as box girders. An original steel design was abandoned because of the 
difficulty in obtaining material. Comparative studies indicated that a rigid frame 
structure would reduce the number of joints, avoid load concentrations and do away 
with secondary stresses in spandrel columns of an arch design. High falsework on 
steep slopes of loose talus was required. The two halves of the main span of the box 
girder that also serves as the flume were placed first. Further sections were placed 
to keep the load balanced on opposite sides of the main span. 


Why “‘slab-band”’ floors are economical 
Frep N. Severup, Engineering News-Record, V, 137, No. 16 (Oct. 17, 1946), pp. 124-126 
Reviewed by 8S. J, CHAMBERLIN 

“Slab-band”’ construction is compared with that of the more conventional slab-and- 
narrow-beam type. In appearance “‘slab bands’’ are wide, shallow beams that span 
between or cantilever from the columns. Widths of bands may be as much as three or 
more times the depths, and the beams need not be centered on nor extend in a straight 
line between columns. In design the floor is treated as a continuous unit, with the 
band considered as the haunch of the slab. Less steel and concrete quantities are 
claimed. Over-all cost of formwork is reduced and the “slab-band”’ needs no more fire 
protection than a slab, except at the edges. The author has also found that less steel 
and concrete quantities are required than for flat slabs, and that the saving in partition 
heights alone is often sufficient to counterbalance the additional form cost. 
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Precast sectional walls and roof allow for uneven reservoir settlement 
Engineering News-Record, V, 137, No, 8 (Aug. 22, 1946), pp, 98-102 p 
Reviewed by 8S. J. CHAMBERLIN 
An articulated design utilizing precast concrete slabs for the walls and roof is ex- 
pected to reduce cracking in a new 7,000,000-gal. rectangular reservoir constructed 
on the unstable soil of New Orleans. The reservoir is about 309 by 384 ft. in plan 
with an interior clear height of about 14 ft. The 6-in. floor slab was placed on a tamped 
and rolled grade in 20-ft. lanes by conventional methods. The inner wall is made up 
of 174 precast slabs, 15 ft. 814 in. in height by 6 ft. 5 in. wide, with tongue and groove 
joints. The wall slabs are 6 in. thick at the top but are widened at the base to 2 ft. 114 
in. to furnish greater bearing area on the earth grade. Cast-in-place slabs are used at 
the corners and at the reservoir inlets. The '%-in. joint opening was filled with bitu- 
minous mastic sealing compound. For sealing leakage and to provide some resistance 
to the fluid pressure, the vertical walls are surrounded by an earth-fill cofferdam which 
has a sloped outer wall constructed of similar precast slabs. .The tongue and groove 


- joints of the outer slabs are left open 14 in. and unfilled for drainage. The outer walls 


are tied near their tops to the inner walls by steel rods. The roof consists of 13-ft. 
square precast slabs, each supported on four cast-iron pipe columns, which project 
a short distance above the roof level through cast-iron sleeves in the slabs. The slab is 
suspended at each column by a 1-in. cast-iron pin inserted through matched holes in the 
sleeve and the column. The columns rest on the floor. Future adjustments may be 
made in the roof slabs if uneven settlement occurs. No dowels are used between roof 
slabs, but continuous wrought-iron rods are laid in the pitch-filled V-joints to tie the 
opposite walls of the reservoir together. 


Scientific instruments 
Edited by Hersert J. Cooprr, 304 pp. Illustrated, $6.00, Chemical Publishing Company, Brooklyn, N.Y. 
Reviewed by Dovatas McHenry 
Fifteen British specialists have collaborated in the preparation of the first edition of 
this work, the purpose of which is to describe scientific instruments “in a way that may 
be understood by the nonspecialist so that the worker in one field may get a useful idea 
of the instruments used in another.’’ Several hundred instruments are described with 
varying degrees of completeness under five main headings: Optional Instruments, 
Measuring Instruments, Navigational and Surveying Instruments, Liquid Testing and 
Miscellaneous. In some cases the treatment is historical; for example, the sextant is 
approached by way of the cross staff and the astrolabe, and calculating machines are 
described as they developed from the stepped drum used by Liebnitz in 1673. On the 
other hand, polarimeters are appropriately introduced by an elementary discussion of 
the properties of light, so that the reader is given a background of theory rather than of 
history. In general, the method of treating each topic has been selected to provide 
interesting reading rather than concise information. The descriptions are clear and 
rather elementary in nature. It is in the field of “good reading” that the book will 
have its greatest appeal. Although not completely devoid of usefulness as a reference 
work, it is not sufficiently encyclopedic to be really valuable in that role. One would 
look in vain, for example, for information on Geiger counters, pyrheliometers, pH meters, 
or even poteniometers. However, the hope is expressed in the preface that future edi- 
tions of the book will be justified, and it is presumed that these will be more exhaustive. 
In any case, the present work will satisfy the curiosity of many readers regarding such 
instruments as the gyroscopic compass, mass spectrograph, refractometer and a host of 
others (not forgetting the epidiascope, thé pentane lamp and the kinkless tetrode). 
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Concrete runways 
J. N. McFeerers, Institution of Civil ae ery Airport Engineering Division, Airport Paper No. 2: 


London, 1946. Aerodrome Abstracts, V. V, No. 4. Compiled by the Department of Scientific and Indus. 
trial Research (Road Research Laboratory) and issued in collaboration with the Air Ministry. 
Hicuway Researca Anstrracrs 
This paper reviews current theory on the design of concrete runways. The formulas 
derived by Westergaard for stresses in concrete slabs under load are discussed in rela- 
tion to runway design. In the consideration of secondary stresses, Westergaard’s 
straight-line theory of warping stress is compared with theories based on curved tem- 
perature gradients. The principle methods of reducing this warping stress are reviewed. 
Stresses due to subgrade friction and subgrade dilatancy are discussed. The effect of 
secondary stresses is summarized. Present experimental results indicate that: 1) 
secondary stresses may be comparable in magnitude to load stresses; 2) daily tem- 
perature variations are more important than annual ones; 3) temperature stress is 
likely to exceed any other combination of secondary stresses; 4) a coefficient of 0.67 
may be adopted in Westergaard’s equation for warping stress, owing to curvature of the 
temperature gradient (this is about equivalent to taking a temperature difference of 3F 
per in. for 12-in. slabs). Combinations of load and secondary stresses are considered 
and it is suggested that a working stress equal to the 28-day strength of the concrete is 
permissible (i. e. a safety factor of unity). In slab design uncertainty as to the resulting 
temperature-stress condition makes it impossible to determine accurately the increase 
of strength due to increased slab thickness. The merits of rigid and flexible base courses 
are discussed. In catering for the higher stresses at slab edges sleeper beams and sub- 
grade supports are less practical than dowels. These should be much heavier and 
placed at closer centers than has been the practice; dowels of from 8-in. to 12-in. em- 
bedment are usually sufficient. Various kinds of reinforcement are discussed. The 
approximate cost of improving runways by the above methods is estimated. Slabs 
121% ft. long are recommended, joined by bonded tie-rods or keys in either direction, 
with contraction joints every 50 ft. and %-in. to 1-in. expansion joints at 100-ft. inter- 
vals. Joints must be carefully designed and constructed. Surface carpets have ad- 
vantages but owing to their cost, their use is probably not justified until the surface 
of the concrete begins to wear. As a means of protecting the sub-base during con- 
struction, the use of bitumenized hessian is advocated. Laboratory control is urged 
at all stages; it is suggested that beam testing should be used to provide design data 
and that compression tests should be employed for quality control. Procedure would 
be simplified if all routine tests were carried out on cylindrical specimens. The paper 
is well provided with graphs and tables and frequent references are made to an appended 
bibliography of 29 works. 
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43rd ANNUAL ACI CONVENTION 
Cincinnati, February 24-26, 1947 


The 43rd annual convention program has been developed by the 
Publications Committee to the point of announcing with a good deal of 
confidence a promising array of papers on timely and important subjects. 
At this writing not all of the material can definitely be announced. Some 
items have been received by the Secretary; some items are still in the 
making; a few are still to be selected from contributions available to 
the Institute at the pre-convention deadline this month. An excellent 
program is predicted. 


Several sub-committee “teams” are working, each on a separate session, 
in the development of the program and it appears that this friendly 
rivalry will pay dividends in the resulting program. As this goes to 
the printer (January 6—late in an effort to include as much convention 
news as possible) it appears the convention sessions will include the 
following: 


Building Code 


The report of Committee 318, Standard Building Code, (p. 401, 
December JOURNAL) presenting proposed revision of ‘Building Regula- 
tions for Reinforced Concrete (ACI 318-41)’, always of widespread 
interest because the ‘““ACI Code’”’ sets the pattern for so many building 
laws in this country and abroad, will have a promine nt spot on the pro- 
gram. As announced by Chairman Boase and Secretary Zipprodt for 
Committee 318, the present proposed revisions are chiefly matters of 
simplification and clarification. 

Grouting 

Four papers assure a session on grouting practice: ‘Contraction Joint 
Grouting of Large Dams” by A. Warren Simonds of the Bureau of Re- 
clamation (scheduled for February publication); ‘‘Notes on the Theory 
and Practice of Foundation Grouting’ by V. L. Minear of the Office, 
Chief of Engineers, U.S.E.D; “Oil Well Grouting Practice” by R. E. 
Moeller and Hayden Roberts of the Haliburton Oil Well Cementing Co.; 
and a paper on tunnel grouting describing special grouting methods by 
B. D. Keatts of tlie Intrusion-Prepakt Co. 


Houses—Precast concrete 


Present indications are that papers on houses, with the emphasis on 
precast construction will occupy a session. Assured are, ‘‘Some Problems 
in Structural Framing of Precast Concrete Houses’, by A. Amirikian 
and a paper by L. P. Corbetta giving some of the contractors’ views on 
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precast construction, with other contributions in the offing, one of them 
on a housing project in the Philadelphia area. 


Bond 

“Comparative Bond Efficiency of Deformed Concrete Reinforcing 
Bars”, by A. P. Clark (p. 381, December JourRNAL) is definitely scheduled 
for the Bond Session. One other paper seems assured and one or two 
more are in prospect. 


Concrete surfaces 

Scheduled for the session on concrete surfaces are ‘“‘Cracks in Concrete’, 
by Byram W. Steele of the Office, Chief of Engineers, U.S.E.D.; ‘Erosion 
of Concrete by Running Water’, by W. H. Price of the Bureau of Re- 
clamation and a paper on painting concrete by T. H. Chisholm of the 
Hydro-Electric Power Commission of Ontario. Also expected is a paper 
on painting by Messrs. Burnett and Fowler of the Bureau of Reclamation. 


Research 

Prof. 8. J. Chamberlin, secretary, ACI Committee 115 is rounding 
up the contributions for the research session. Based on past performances 
there is little doubt as to its interest and popularity. 


New Officers, Awards, President's Address 

A period, always pleasant, will be devoted to the Report of the tellers 
and the introduction of new officers; the annual presentation of awards 
(see Dec. News Letter) and the annual address by the retiring President. 


By-laws changes 

A period for consideration of the petition for By-Laws Amendments 
will also be included (See p. 4 this News Letter). 
Hotel Accomodations 

The Netherland Plaza is guaranteeing 200 rooms for ACI convention 
visitors and has requested that those attending plan wherever possible 
to occupy a twin bedded room with a friend, making reservations accord- 
ingly, or to signify a willingness to share a room with another convention 
visitor. The ACI Secretary’s office, with its limited staff, cannot assume 
responsibility for hotel accomodations and reservations should be made 
direct to the Netherland Plaza stating time of arrival and departure and 
asking for confirmation. Requests for reservations after the 200 rooms 
have been filled will be referred to the Cincinnati Convention Bureau by 
the Netherland Plaza for accommodations at nearby hotels. Confir- 
mation will be made direct by the hotel granting the reservation. Satis- 
factory accomodations at other hotels are assured. 

To make certain of a good room in the headquarters hotel, request 
reservations early. A copy sent to the Secretary’s office as a basis of 
estimating attendance will be appreciated. 
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Proposed Changes in ACI By-Laws 


Notice is hereby given to the membership of the American Concrete 
Institute that at the Institute’s 43rd Annual Convention, Cincinnati, 
Feb. 24-26, 1947, consideration will be given to a petition for By-Laws 


Amendments. 


We, the undersigned Members American 
Concrete Institute, hereby petition the 
Board of Direction, in conformity with 
Article VI-Amendments, Sec. 1, By-Laws, 
for consideration of amendments to 
Article II-Officers and Article 1V-Dues 
to conform to recommendations of the 
Board adopted at its meeting October 
7 and 8, as follows: 


1) For the reconstitution of the Board 
of Direction to consist of: a President, to 
be elected for a term of one year with 
eligibility for re-election for one year; two 
Vice-Presidents—the first year after the 
adoption of these By-Laws amendments, 
one for a one-year term and one for a 
two-year term, subsequently, one Vice- 
President to be elected each year for a 
two-year term, eligible for re-election only 
after a lapse of one year; twelve directors: 
three to be elected for a one-year term, 
three for a two-year term*, four for a 
three-year term, at the first election after 
the adoption of these By-Laws. Subse- 
quently, four directors to be @lected each 
year for three-year terms, ineligible for 
re-election without a lapse of one year in 
service; the three latest past-presidents 
who are still members of the American 
Concrete Institute; a Secretary-Treasurer, 
appointed annually by the Board for a 
term of one year. The Nominating Com- 
mittee shall have due regard in its selec- 
tion of director candidates for professional 
and geographical representation. 


2) To increase annual dues more 
nearly commensurate with increased ser- 
vice to members and increased costs of 
operation, as follows: Corporation Mem- 
bers from $20.00 to $25.00; Members, In- 
dividual, in Canada and in the United 
*To provide for completion of terms of Directors 


elected under current By-Laws ending one at 1949 
Convention and one at 1950 Convention. 


States, and its territories and possessions, 
from $10.00 to $12.50; Junior Members 
from $6.00 to $7.50, and Student Mem- 
bers, $3.00 to $5.00, effective with mem- 
bership anniversaries on and after July 1, 
1947. 


Signed by: 


H. F. Gonnerman 
Douglas E. Parsons 
John R. Nichols 

F. E. Richart 
Harmer E. Davis 
Paul W. Norton 
Stanton Walker 

R. R. Zipprodt 
Alexander Foster, Jr. 
John A. Ruhling 
A. T. Goldbeck 

W. H. Klein 

H. F. Thomson 
Henry L. Kennedy 
Harold F. Clemmer 
G. E. Troxell 
Frank H. Jackson 
Wm. C. E. Becker 
Raymond FE. Davis 
R. W. Crum 

W. E. Parker 

M. O. Withey 

R. F. Blanks 

Lewis H. Tuthill 

J. W. Kelly 
Charles 8. Whitney 
R. B. Young 
Harvey Whipple 


The foregoing 
mented for convention consideration on 
the basis of the parallel columns which 
follow. In the columns at the left, Article 
Il-Officers and Article 1V-Dues as now in 
effect; in the 


petition is imple- 


right-hand columns _ re- 


visions as tentatively indicated 
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If and as approved by the convention, 
the amended By-Laws would be submitted 
to letter ballot of the voting members of 
the Institute (Junior and Student Mem- 
bers and Members temporarily suspended 
for non-payment of dues-not included), 
with an interval of 90 days before the 
ballots are canvassed which would make 
the amended By-Laws effective with the 


close of the current fiscal year, June 30, 
1947, and therefore with respect to dues 
operative for new members from July 1, 
1947, and for present members effective 
with membership anniversaries on and 
after that date—and for the work of the 
1947 Nominating Committee. 


HarveEY WuippLe, Secretary-Treasurer 


ARTICLE Il—OFFICERS 


Section 1. The officers shall be a President, two 
Vice-Presidents, six Regional Directors (one from 
each of six geographical districts), three Directors- 
at-large, and the Secretary-Treasurer, who with 
the five latest, living Past Presidents who continue 
to be members, shall constitute the Board of 
Direction 

Sec. 2. The Board of Direction shall from time 
to time divide the territory occupied by the mem- 
bership in the six geographical districts to be de- 
signated by numbers, each to be represented by a 
Regional Director, as provided in Section 1. 

Sec. 38. The President, Vice-Presidents, Direc- 
tors-at-large, Regional Directors, and five members 
of a Committee on Nominations shall be elected 
by letter ballot of the Institute membership. The 
Secretary-Treasurer shall be appointed annually 
by the Board of Direction. 

Sec. 4. Before September 15 of each year the 
Committee on Nominations shall, by letter ballot 
of its members, nominate candidates for offices to 
become vacant at the next annual convention and 
twenty candidates for membership on the Com- 
mittee on Nominations which is to serve in the 
following year and shall transmit the names of all 
candidates thus nominated to the Secretary- 
Treasurer of the Institute. The consent of each 
candidate for office must be obtained before notice 
of his nomination is published. The Secretary- 
Treasurer shall cause notice of all such nominations 
to be transmitted to the membership of the In- 
stitute at least 120 days prior to the next ensuing 
annual convention. Upon petition to the Board of 
Direction signed by at least ten members of the 
Institute, additional nominations for offices or for 
membership on the Committee on Nominations 
may be made within 30 days thereafter. 

The complete list of nominations shall be sub- 
mitted 60 days before the next convention to the 
Institute membership for letter ballot to be can- 
vassed at 5 p. m. on the first day of the convention 
and the result announced at a session of the conven- 
tion on the second day. The candidate for any 
office receiving the most votes shall be declared 
elected and the candidate receiving the most votes 
for membership on the Committee on Nominations 
shall be Chairman of that committee; the four 
next highest shall be declared elected members of 
the Committee. With these five the three latest 
past president members of the Board of Direction 
shall serve, making a total membership of eight. 


Section 1. change ‘‘six Regional” to ‘‘twelve’’; 
delete ‘‘(one from each of six geographical dis- 
tricts), three Directors-at-Large’”’; change ‘‘five”’ to 


‘three’. . 


Sec. 2. Delete entire section. 


Sec. 3. Change to “Sec. 2”’; In lines 1 and 2 
delete ‘‘Directors-at-Large, Regional’. 


Sec. 4. Change to ‘Sec. 3’; between first and 
second sentences insert ‘In the selection of can- 
didates for Directors, the Nominating Committee 
shall have due regard for diversity of professional 
and geographical representation.”’; in last sentence 
of second paragraph delete “‘latest”’. 








Should any member of the Committee on Nomi- 
nations thus chosen fail, within fifteen days of 
formal notice from the Secretary-Treasurer, to 
make written acceptance of service, a vacancy 
shall occur to be filled by the candidate receiving 
the next greatest number of votes and so on until 
the five elected piaces on the committee shall be 


filled. 


Sec. 5. The terms of office of the President, 
Vice-Presidents, Secretary-Treasurer and Regional 
Directors shall be one year. 
shall be elected one each year for a term of three 


years. 


Directors-at-large 


A year is to be here construed as the period 
between adjournments of two successive annual 
conventions. 


Sec. 6. The President, Vice-Presidents and 
Regional Directors shall be ineligible for more than 
one re-election to the same office until the lapse 


of at least one term. 


Sec. 7. The term of each officer shall begin at 
the close of the annual convention at which he is 
elected and shall continue until a successor is duly 


elected. 


Sec. 8. A vacancy in the office of President 
shall be filled by the Vice-President having Institute 
membership seniority. 

Sec. 9. 
term, shall be filled by appointment by the Board of 


Vacancy in any office, for the unexpired 


Direction except as provided in Section 8. 


Sec. 10. In the event of disability or neglect 
in the performance of his duty of any officer of the 
Institute, the Board of Direction shall have the 


power to declare the office vacant 


Sec. 11. The Board of Direction shall have 
general supervision of the affairs of the Institute. 
At a meeting held in the week of the annual con 
vention it shall appoint a Secretary-Treasurer for a 
term of one year. It shall authorize and appoint 
the chairmen of such administrative and technical 
committees and assign to them such duties and 
such authority as it deems needful to carry on the 
work of the Additional 


members shall be appointed by the President. 


Institute. committee 


Sec. 12. Thereshall be an Executive Committee 
of the Board of Direction consisting of the Presi- 
dent, Secretary-Treasurer, and three of its mem- 


bers appointed by the Board of Direction. 


Sec. 18. The Executive Committee shall man- 


age the affairs of the Institute during the interim 


between the meetings of the Board of Direction, 
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Sec. 6. 


paragraph to, ‘‘The terms of office of the Presi- 


Change to “See. 4"; Change entire 


dent and the Secretary-Treasurer shall be one 
year. At the first election after the ratification of 
these amended By-Laws one Vice-President shall 
be elected for a term of one year and one for a term 
of two years; thereafter one each year for a term 
of two years; at the first election after the ratifies 
tion of these By-Laws, three Directors shall be 
elected for terms of one year, three for terms of two 
years and four for terms of three years; thereafter, 
four each year for terms of three years \ year is 
here construed as the period between adjournment 
of two successive annual conventions.” 

Sec. 6. 


Change to “Sec. 5." Change entire 


paragraph to ‘“‘The President shall be ineligible 
for more than one re-election to the same office 
until the lapse of at least one term. Vice-Presidents 
and Directors shall be ineligible for re-election to 


the same office until the lapse of at least one year.” 


Sec. 7. Change to ‘Sec. 6." 
Sec. &. Change to ‘Sec, 7 
Sec. 9. 


Change to “Sec. 8." In the last line 


“Section 8” should be changed to ‘‘Sectio 


Sec. 10 Change to “See. 0” 


Change to ‘See, 10" 
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Sec. 14. Phe President shall perform the usual 
duties of the office. He shall preside at the annual 
convention, at the meetings of the Board of 
Direction and of the Executive Committee, and 
shall be ex-officio member of all committees. He 
may name a chairman to serve in his place for any 
sessions of the convention 

The Vice-Presidents, each in the order of his In- 
stitute membership seniority, shall discharge the 
duties of the President in his absence In the 
absence of President and both Vice-Presidents, a 
President Pro-Tem, appointed by the Board, shall 
discharge such duties. 

Sec. 14. The Secretary-Treasurer shall perform 
such duties, furnish such bond and receive such 
salary as shall be determined by the Board of 


Direction 


ARTICLE 


Section 1 Dues for the several membership 
classes shall be payabie annually in advance from 
the first of the month of notification of the member 
applicant of his election by the Board of Direction 
as follows: Contributing members, $50.00; Mem 
bers, individuals, $10.00; firms, corporations, 
societies or other organizations, $20.00; Junior 
Members, $6.00; Student Members, $3.00; Hon 
orary Members, none. Any individual member 


may be admitted to life membership upon pay 





ment of a sum determined by the Executive Com 
mittee based on 90 per cent of the membership 
dues as established at the time of application, 
credited with 3 per cent interest compounded 
annually for the applicant's life expectancy as 
arrived at from the American Experience Table of 
Mortality 

Sec. 2. \ member of any grade shall be entitled 
to receive one copy of each issue of the Jounnatr of 
the American Concrete INsriruTe as issued in 
the period of his membership and additional or 
other publications as determined by the Board of 
Direction. 

Sec. 3. A member whose dues remain unpaid 
for a period of six months shall forfeit the privileges 
of membership and shall be officially notified to 
this effect by the Secretary-Treasurer. If these 
dues are not paid within six months thereafter his 
name shall be stricken from the list of members, 
unless otherwise specifically ordered by the Board 
of Direction Members may be reinstated upon 
payment of all indebtedness against them upon the 
books of the Institute 


Sec. 14 Change t« 


Z 


Sec. 146 Change to ‘‘See. 14” 


IV—DUES 


Section 1. Insert after ‘‘ Members, individuals,"’ 
“in the Dominion of Canada and in the United 
States and its territories and possessions, $12.50; 
elsewhere,"’; change $20.00" to ‘‘$25.00"; change 
*$6.00" to $7.50" and ‘'$3.00" to ‘'$5.00" 


Sec. 2 No change 


Sec. 3. No change 
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New Members 





The Board of Direction approved 83 
applications for Membership (33 Indi- 
vidual, 5 Corporation, 4 Junior, 41 
Student) received in November. 

The Membership total on December 1, 
1946 after taking into consideration a few 
losses by death, resignation and for non- 
payment of dues, was 2999. 


Individual Members 

Boyce, Russell Ivan, P. O. Box 18, Wall- 
ingford, Conn. 

Briggs, Robert Wesley, 271 North Ave., 
New Rochelle, N. Y. 

Clifford, Gilbert W., Box 108, Ormond, 
Fla. 

Coons, William R., 2334 Elm Ave., Long 
Beach 6, Calif. 

Demars, Arthur J., c/o Puerto Rico Water 
Resources Authority, San Juan, Puerto 
Rico 

Ekambaram, K. V., c/o U. S. Bureau of 
Reclamation, Denver 2, Colo. 

Fondeur, Mario Penzo, Calle “Leopoldo 
Navarro No. 10, Ciudad Trujillo, 
Dominican Republic, W. 1. 

Gandhi, Jaichand Hirachand, ¢/o Con- 
crete Association of India, 20 Hamam 
St., Fort Bombay 1, India 

Guillermety Jr., Luis M., P. O. Box 4789, 
San Juan 24, P. R. 

Herkovic, Eugene J., Belmont 
Hotel, New York 22, N. Y. 

Herstein, Henry, 2075 Greston Ave., New 
York 53, N. Y. 

Krog, A. K., 8 Vermehrensvej, Klampen- 
borg, Denmark 

Hubbell, Charles W., Phillips Petroleum 
Co., Bartlesville, Okla. 

Irwin, Harry F., Schaff Bldg., 1505 Race 
St., Philadelphia 2, Pa. 

Jespersen, S. Friis, 10 Vesterbrogade, 
Copenhagen V., Denmark 

McConnell, Duncan, U. 8. 
Reclamation, Denver 2, Colo. 

Metz, J. Irving, 3829 W. Pine Blvd., St. 

Louis 8, Mo. 


Plaza 


Bureau of 





Morris, John R., 1169 Morgan Ct., Park 
Hills, Covington, Ky. 

Morrison, W. G., Mitchell and Mitchell, 
National Bank Chambers, Wellington 
C.1,N. Z. 

Nathanson, Solomon, 2520 Kings High- 
way, Brooklyn 29, N. Y. 

Norman, J. W. E., 351 
London 8, W.9, England 

Riddle, Carson, Route No. 6 
Bremerton, Wash. 

Roser, Ralph M., c/o U. 8. Engineer 
Office, P. O. Box 1159, Cincinnati, Ohio 

Shapcotte, R. F., 1117 Brown St., Fort 
William, Ont., Canada 

Shea, William D., P. O. Box 477, Greens- 
boro, N.C, 

Singh, Shrikant Ranbir, ¢/o | 
of Reclamation, New 
Denver 2, Colo. 

Striker, Ralph H., Missouri Portland 
Cement Co., 9403 Riverview Dr., St. 
Louis 15, Mo. 

Tate, James Q., U. 8S. Waterways Ex- 
periment Station, Clinton, Miss. 


Brixton Rd., 


Box 2570, 


). S. Bureau 
Customhouse, 


Torroja, Eduardo, Director del Labora- 

Central para Ensayos de Ma- 
teriales de Construecion, Calle de 
Alfonso XII num. 3, Madrid, Spain 

Torrey, Albert R., P. O. Box 352, Pleasan- 
ton, Calif, 

Vickery, R. N., 
Des Moines, Ia. 

Wheeler, W. C., c/o Slag Products Ine., 
11717 S. Buffalo, Chicago 17, Il. 

Young, Aubrey DeBell, P. O. Box 464, 
Schaefferstown, Pa. 


torio 


1130 Des Moines Bldg., 


Corporation Members 

University of Cincinnati, General Library, 
Cincinnati 21, Ohio (Vivian L. Drake) 

Concrete Conduit Co., P. O. Box 31, 
Colton, Calif. (Elmer L. Johnson) 

Maxon Construction Co. Inc., Dumperete 
Division, 1381 N. Ludlow St., Dayton 
2, Ohio 

Texcrete Company, 827 Fair Bldg., Fort 
Worth 2, Texas (George A. Meihaus 
Jr.) 
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Vattenbyggnadsbyran, Humlegardsgatan 
29, Stockholm, Sweden (Gosta Richert) 


Junior Members 

Capacete, Jose Luis, P. O. Box 1842, San 
Juan, Porto Rico 

Dienhart, Arthur V., 5128 Queen Ave. 
So., Minneapolis 10, Minn. 

Terry, Jr., John Russell, Fountain, Inn, 
8. C. 

Vanderzanden, Andre H., 26-30 30th St., 
Long Island City, 2, N. Y. 


Student Members 

Aquadro, Robert, 33 Wilson Ave., North- 
ampton, Mass. 

Baigts, Jorge Zorrilla, Cholula No. 1, 
Mexico, D. F. Mexico 

Barrales, Javier Gallardo, Zarco 61, 
Mexico, D. F., Mexico 

Bascom, Mansfield M., 2 Oval Court, 
Bronxville, N. Y. 

Benoit, Luis Tellez, Aguascalientes 147, 
Mexico, D. F. Mexico 

Blanco, Teodoro, Apartado 1462, San 
Jose, Costa Rica 

Boettcher, Charles I-., 311 W. High St., 
Urbana, Ill. 
Bravo, Carlos Mora, Amatlan No, 117, 
Col. Condesa, Mexico, D. F., Mexico 
Camargo, Alejandro Alarcon, 4a Danubio 
No. 58, Mexico, D. F., Mexico 

Chavez, Juan Manuel Garcia, Calle de 
Pino No, 39-9, Mexico, D. F., Mexico 

Cornish, Enrique Manuel, 4a Danubio 
No. 58, Mexico, D. F., Mexico 

Delgado, Raymundo Perez, Martires de 
Tacubaya No. 63, Tacubaya D. F., 
Mexico 

Gonzalez, Carlos Ortiz, Sta. Maria de la 
Ribera 55-2, Mexico, D. F., Mexico 

Gonzalez, Humberto Correa, Marsella 34, 
Mexico D, F’., Mexico 

Guemez, Raul Salamanca, Montes Urales 
No. 320 (Lomas) Mexico, D. F,, 
Mexico 

Gutierrez, Javier Fuentes, Privada Por- 
firio Diaz No. 1, Ixtapalapa D. F., 
Mexico 

Hidalgo, Xavier Rangel, Juan Escutia No. 
53, Mexico, D. F., Mexico 


Jackson, W. Stanley, 3358 W.-8th Ave., 
Vancouver, B. C., Chnada 

Leon, Fernando Perez De, Alejandria No. 
7-A, Olaveria, Atzc., D. F., Mexico 

Llaguno, Hernan Cansino, Sta. Maria la 
Ribera 55-2, Mexico, D. F., Mexico 

Mendez, Humberto Panuco, Mesones No. 
94—2, Mexico, D. F., Mexico 

Moshinsky, Jaime Diadiuk, Calle del 57 
No. 1 int, 203, Mexico, D. F., Mexico 

Nunez, Alfredo Trejos, Bolivar No. 487, 
Mexico, D. F., Mexico 

Oberfranc, J., 852 Madison, Oak Park, III. 

Ocampo, Leonardo Ruiz, Havre No. 64, 
Col. Juarez, Mexico, D. F., Mexico 

Omer, Fred, 358 Atwood St., Pittsburgh 
13, Pa. 

Pacheco, Walter Arce, Coahuila 146-A 
Mexico, D. F., Mexico 

Pastor, Mariano Martin, Victoria No. 110 

305, Mexico, D. F. Mexico 

Perez, Ricardo Revelo, Dr. Vertiz No. 
246-6, Mexico, D. F., Mexico 

Pina, Jaime Suarez, Calle Leona Vicario 
No. 58, Mexico, D. F., Mexico 

Pineda, Julio C., Bajio 96-6, Mexico, D. F. 
Mexico 

Potter, William G., 879 W. North St., 
Decatur, Il. 

Requena, Fernando J. Fossas, Santa 
Veracruz No. 43, Mexico, D. F., Mexico 

Reyna, Luis Ordonez, Calle Chopin 187 
Col. Peralvillo, Mexico, D. F. Mexico 

Rios, Santiago Martinez, Ariosto 10 
Depto 4, Colonia Polanco, Mexico, D. 
I. Mexico 

Rosa, Francisco J. de la, Coahuila No- 
111-B, Mexico, D. F., Mexico 

Rosenblueth, Emillo, Edificio Condesa 
R-4, Mexico, D. F., Mexico 

Segura, Santiago Piccone, Monte Everest, 
No, 210—Lomas Chap., Mexico, D. Ft, 
Mexico 

Torre, Jose Luis de la, Venezula No, 83-6. 
Mexico, D. F., Mexico 

Tostado, Fernando Alvarez, Calle de 
Rayas No. 71 Col. Valle Gomez, Mexico, 
D. F., Mexico 

Villarroel, Alejandro Espinosa, Artecos 
No. 6, Ixpalapa, D. F., Mexico 
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: WHO'S WHO 





George Winter and Minglung Pei 
are co-authors of the paper ‘‘Hipped 
Plate Construction’, presented by Prof. 
Winter at the 1946 convention (see p. 505). 

Professor Winter, an ACI Member since 
1945, studied civil engineering at the 
Munich Institute of Technology (Dipl. 
Ing.) and Cornell University (Ph.D.). 
After two years of experience in design 
and erection of reinforced concrete struct- 
ures in Austria, he was active in Russia 
during the years 1932—38 as consulting 
engineer, structural designer of industrial 
plants, and lecturer. At Cornell Univer- 
sity since 1938, where he is Associate 
Professor of Civil Engineering, his main 
activity besides graduate instruction is 
structural research in the field of light- 
weight steel structures. Although this is 
his first paper in the field of reinforced 
concrete, he has published a number of 
research articles on strength, elasticity and 
stability of steel structures. In addition 
to ACI, he is a member of ASCE, Sigma 
Xi, Chi Epsilon, and Phi Kappa Phi. 

Minglung Pei, a graduate student at 
Cornell University, is a native of China, 
the son of a railroad engineer. Turbulent 
conditions in that country and his family’s 
moves have made him attend ten different 
grade and high schools. He received his 
undergraduate training at Chiao-Tung 
University and Oregon State College, was 
a research assistant at Fritz Engineering 
Laboratory of Lehigh University, received 
his M.C.E. from Cornell University and is 
now working at that institution toward the 
Ph.D. degree. 


Wallace L. Chadwick 


an ACI Member since 1938 is author of 
the paper “Hydraulic Structure Mainte- 
nance Using Pneumatically Placed 
Mortar,” p. 533, which was presented at 
the 1946 convention by R. W. Spencer. 
Educated at the University of Redlands, 
Mr. Chadwick’s professional career has 
been spent in Southern California. He 


was successively, draftsman, and division 
engineer for the Southern California 
that 
company’s Big Creek San Joaquin hydro 
electric development from 1922 through 
1927; 
pany, 
sively, 


Edison Co., on construction of 


transmission engineer, same com- 
Los Angeles, 1928-1931; 
and engineer 
Metropolitan Water District of Southern 
California on construction of Colorado 
River Aqueduct 1931 through 1937; 1937 
to date successively civil engineer, chief 


SUCCES- 


engineer senior 


civil engineer and manager of engineering 
department Southern ldison 
Company. He is also a member of the 


ASCE and AIEE. 
T. C. Powers and T. L. Brownyard 


are the authors of “Studies of the Physical 
Properties of Hardened Portland Cement 


California 


Paste,”’ Part 4 of which appears on p. 549 
of this JouRNAL. See p. 8 of the October 
News Letter for biographical sketches of 
these authors. 


Honor Roll 


February 1 to Nov. 30, 1946 








The Honor Roll for the period February 
1, to November 30, 1946 finds Professor 
Alberto Dovali Jaime in the lead with 35% 
new Mr. T. E. Stanton 


members and 


second with 24!5., 


Alberto Dovali Jaime. . .35% 
T. E. Stanton....... ..24% 
J. L. Savage...... 21 
Henry L. Kennedy.. 10 
Walter H. Price.... 10 
E. W. Thorson...... 10 
R. D. Bradbury..... 9 
James A. McCarthy..... 9 
Newlin D. Morgan s 
C. C. Oleson...... ' _ 
Miguel Herrero. 7 
Anton Rydland..... 6% 
5, ic MORO. sss 6 


Charles E. Wuerpel. .. 5% 














Jacob Fruchtbaum. . 
Ray C. Giddings... 
Lewis H. Tuthill 
Grayson Gill. .. 
Karl W. Lemcke.. 
A. Amirikian..... 
Hernan Gutierrez. . 
0. G. Julian 

Martin Kantorer... 
K. E. Whitman... 
=m. Cervin...... 
H. B. Emerson. 

E. F. Harder.... 

F. E. Richart... 
Birger Arneberg. . 
Rene L. Bertin 

A. J. Boase... 

T. F. Collier 
Raymond E. Davis. . 
Denis O. Hebold. . 
John T. Howell 

C. A. Hughes.... 
Wm. R. Kahl 

Rene Pulido y Morales 
Dean Peabody, Jr. 
James J. Pollard.... 
J. Antonio Thomen 
Stanton Walker.... 
W. W. Warzyn 

Cc. S. Whitney. . 

R. R. Zipprodt. 

W. A. Carlson... 
Emil W. Colli... 

H. M. Hadley... 

F. N. Menefee.. 

E. M. Rawls.... 

A. L. Strong ... 

H. F. Thomson. . 
John Tucker, Jr.. 
Wm. R. Waugh.. 
Paul W. Abeles. 
Hugh Barnes... 

J. F. Barton.... 

R. F. Blanks. 
Aloysius E, Cooke... 
R. W. Crum.... 

H. J. Gilkey..... 
Issac Hausman... 
T. R. S. Kynnersley. . 
F. R. McMillan..... 
Arnold A. Mack... 
Robert L. Mauchel.. . 
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J.J. Mullen... 

I. Narrow.... 

Paul W. Norton . 
Henry Piisterer..... 
Niels M. Plum. 


Raymond C. Reese... 
Richard A. Roberts . 


R. D. Rogers...... 
Simeon Ross... .. 
Moe A. Rubinsky... 
John A. Ruhling... 
R. H. Sherlock . 

H. C. Shields.... 
LeRoy A. Staples. . 
H. D. Sullivan. . 


Flory J. Tamanini... 


J. W. Tinkler.... 
Oe ee 
Piers M. Williams 
Paul L. Battey.. 
R. H. Bogue.... 
S. D. Burks . 

H. F. Faulkner. . 


Alexander Foster, Jr... 


E. J. Glennan...... 
Axel H. Johnson... 
T. C. Kavanaugh. 
Thomas M. Kelly.. 
Raul Lucchetti.. . 
Benjamin Maltz 
Eugene Mirabelli. 
John J. Murray.... 
Ts a a sss 
J.C. Pearson... 

R. D. Rader.... 

N. L. Shamroy...... 


Thomas C. Shedd.... 
LeRoy A. Thorssen. . 


Julius Adler....... 
Walter V. Allen 
Kasim Atlas... 
Joseph Avant. 

A. F. Barabas. 

J. F. Barbee.... 

H. J. Bateman... 

F. J. Beardmore. . 

K. Billig. . 

Joseph W. Body..... 
E. K. Borchard..... 
Ey. OO. BONG ices ss 
Ears IN bak dass 
Reymond L. Brandes. 
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oe Gy GOOM........5..... ja 
Charles A. Daymude............... 1 
Isidoro DeBlas.... . dd 
eee an 
Louis H. Doane.......... 1 
SE re ee 1 


Clifford Dunnells... . 


Jees Fellabaum..................... 
Aas. Peele. ........... 
Alexander E. Forrest... . 


Herman Frauenfelder............... 1 
Harry E. Frech..... a 
Meyer Fridstein................ P 
ee eee 1 
James F, Gill............ af 
ee 1 
E. Gonzales Rubio................. 1 
ee 1 
ION fis oe iccv'e arcs caweta des. 1 
Ernst Gruenwald................... 1 
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Lyman G. Horton.............. a 
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Edwin B. Johansen. . 1 
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Edgar R. Kendall.................. 


Edward F. Keniston......... 


Orville Kofoid...... 


William J. Krefeld... . 
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H. Walter Leavitt... .. 


L. S LeTellier......... 
Arthur A. Levison..... 
Elbert F. Lewis....... 


M. J. MeMillan.......... 


Edward P. McMullin. . 


Ian Macallan........ 


F. R. MacLeay....... 


D. G. Marier........ 
Bryant Mather. . 
Charles Miller....... 


Hugh Montgomery... . 
Robert B. B. Moorman 


Ben Moreell......... 
Wm. T. Neelands.... 


Ben E. Nutter....... . 
Philip Paolella........ 


D. E. Parsons......... 


Cecil E. Pearce. . 
a = 


Richard L. Pinnell........ 


Harry W. Piper...... 


re | 


E. O. Pritchard. .... 


Herman G. Protze J :.. 


©), PM............ 


Jerome M. Raphael... . 


Clarence Rawhouser. . 
Mrik Rettig.......... 


George P. Rice........... 


Maurice G. Roux... . 
Arthur Ruettgers..... 
Emil Schmid...... 
G. R. Schneider... ... 
Herman Schorer...... 
John C. Seelig..... 
George G. Smith. . . 
J. H. Spilkin....... 
Howard R. Staley. 
Hugh F. Tolley. ..... 
Bailey Tremper...... 
Harold C. Trester.... 
ee 


Oscar J. Vago............ 


Joseph J. Waddell... . 
L. A. Wagner... . 
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David Watstein... . 
man, Watt....... as 
Victor S. Wigmore... . 
Benjamin Wilk....... ; 
George C. Wilsnack.......... 
Ralph E. Winslow... . 
Douglas Wood....... 





Ernest B. Wood. 


Ray A. Young...... 


The following credits are, 


ee oe ee ee ee oe) 


in each 


instance, “50-50” with another Member. 


Eari P. Allabach 

B. G. Anderson 

A, Arnstein 

J. B. Baird 

Michel Bakhoum 
Sabahattin Basman 
E. Ben-Zvi 

E. O. Bergman 

H Bigler 

Carlos Blaschitz 

G. C. Britton 
Ernest L. Brodbeck 
Carlos D. Bullock 
Fred Burggraf 

Fred Caiola 

Robert A. Caughey 
. F. Clemmer 

B. Cohen 

m Comess 

. A. Coolidge 

. A. Crysler 
tahualpa Dominguez 
. J. Durant 

E. E. Edwards 

A. C. Eichenlaub 
Axel Erikeson 
Harry R. Erps 
Cevdet Erzen 

E. E. Evans 

. G. Farmer 


Om app 


Chas. T. Hamilton 
Hunter Hanly 
Shortridge Hardesty 
George N. Harding 
. L. Henson 
A. W. Hicks 
R. B. Hindman 
Meyer Hirschthal 
Wm. A. Hohlweg 
Ralph B. Horner 
Fred Hubbard 
Manuel Castro Huerta 
H. D. Humphries 
. C. Huntington 
Frank H. Jackson 
V. P. Jensen 
Bruce M. Johnson 
Paul A. Jones 
George L. Kalousek 
k Kerekes 
W. D. Kimmel 
W. H. Klein 
Lane Knight 
M. C. Kolinski 
Douglas S. Laidlaw 
Henry M. Lees 


Wm. Lerch 

Leslie L. Lowey 

J. A. McCrory 

Douglas McHenry 

J. B. Macphail 

Sidney M. Major Jr. 

Charles Mannel 

Glenway Maxon, Jr 

Walter S. Merrill 

George W. Meyer 

Oliver H. Millikan 
C. More 

A. B. L. Moser 

Fernando Munilla 

T. D. Mylrea 

D. Lee Narver 

H. T. Nelson 

N. M. Newmark 

Syberen Frank Nydam 

George L. Otterson 

Wm. D. Painter 

George P. Palo 

Cecil E. Pearce 

R. 8. Phillips 

James D. Piper 

David Pirtz 

Harry C. Plummer 

R. F. Powell 

Robert B. Provine 

Frank A. Randall 

F. V. Reagel 

Frederick A. Reickert 

Rolf. T. Retz 

Melvin 8. Rich 

R. E. Roscoe 

Frank T. Sheets 

T. E. Shelburne 

C. E. Shevling 

Charles A. Shirk 

Harold Oliver Sjoberg 

Marvin Spindler 

Charles M. Spofford 

D. J. Steele 

Henson K. Stephenson 

Hale Sutherland 

E. O. Sweetser 

M. O. Sylliaasen 

R. W. Ullman 

Zaldua Uriarte 

Jose Vila 

D. 8S. Walter 

Irving Warner 

Ray V. Warren 

A. Carl Weber 

W. H. Weiskopf 

E. C. Wenger 

H. E. Wessman 

Herbert J. Whitten 

Eugene P. H. Willett 

E. T. Wiskocil 

Edward F. Young 

R. B. Young 


F. R. McMillan, H. F. Gonnerman 
and William Lerch 


veteran members of the PCA research 
staff received promotions effective January 
1, 1947. 


F. R. McMillan, who advances to the 
post of Assistant to the Vice President for 
Research and Development, joined the 
PCA staff in 1924 as associate engineer. 
From August, 1925 until March, 1927, he 
was manager of the structural bureau. 
He became director of research in 1927. 
Mr. McMillan is a civil engineering grad- 
uate of the University of Minnesota where 
he was later an assistant professor of 
engineering. During World War I he was 
drafted by the U. 8. Shipping Board as a 
research engineer on the construction of 
concrete ships. An ACI Member since 
1916, Mr. McMillan was ACI President 
in 1936 and was elected Honorary Member 
in 1948. 


H. F. Gonnerman, the newly appointed 
Director of Research, joined the PCA 
research staff in 1922 as associate engineer. 
the research 

Gonnerman 


manager of 
laboratory in 1927. Mr. 
holds B.S. and M.S. degrees from the 
he later 


He became 


University of Illinois where 
taught theoretical and applied mechanics. 
He is the author and co-author of many 
papers and reports relating to concrete. 
It seems unnecessary to state here that 
Mr. ACI 


President. 


Gonnerman is our present 


William Lerch, also an ACI Member 
who is advanced tothe position of Manager 
of the Department of Applied Research, 
holds a B.S. 
Beloit College and a Master’s degree in 
the 
Wisconsin. He has been a member of the 
PCA staff since 1923. 1924 to 
January 1940 he was a member of the 
staff at the 
Standards in 


degree in chemistry from 


chemistry from University of 


From 
Association’s Fellowship 
National Bureau of 
Washington, D.C. 
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Charles E. Morgan 


an ACI Member since 1938, died July 
28, 1946. 

Born in 1891 on a farm in Illinois, 
Mr. Morgan obtained his early schooling in 
that locality and continued his education 
in St. Louis while working at night. He 
later received his B.S. in C.E. from 
Washington University, St. Louis. His 
early employment included several months 
spent with an engineering company in 
Florida, resident engineer for the Illinois 
Division of Highways, and in 1930 em- 
ployment with the Highway Bridge 
Office, Springfield, Ill. where he was 
responsible for the establishment of new 
standards of design for continuous concrete 
bridges. In 1937 he became affiliated with 
the Structural Bureau of the Portland 
Cement Association in Chicago which 
continued until his resignation in 1946 
to devote his time to private practice 
and studies. 

For the past few years Mr. Morgan 
taught classes in mechanics at the Illinois 
Institute of Technology. He was co- 
author of “Balanced Design for Rein- 
forced Concrete’, with A. J. Boase. He 
was also a member of the ASCE. 


Isaac Hausman 
an ACI Member 
October 29, 1946. 

Born in Russia in 1889 Mr. Hausman 
came to the United States with his 
parents at the age of three years. His 
early education was completed in Kansas. 
He studied engineering at the University 
of Kansas and Massachusetts Institute 
of Technology. 

Mr. Hausman was affiliated with the 
Union Pacific Railroad and with Post & 
McCord in New York during the early 
days of his career. In 1913 he was em- 
ployed as a structural engineer for the 
Toledo Bridge and Crane Company where 
one of his jobs was the checking of the 
shop drawings for the Cherry Street 
bascule bridge in Toledo. 

In 1914 Mr. Hausman started his own 
business, now the Steel 


since 1934, died 


Hausman 
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Company, to do structural engineering 
work and to supply fireproof building 
materials. As the business grew emphasis 
gradually was placed upon fireproof con- 
struction and especially reinforced con- 
crete. He acquired the patent rights of 
the Ambursen from the 
Blaw-Knox Co. and subcontracted for 
the steel form work of reinforced concrete 
buildings all through the eastern United 
States, jobs being scattered from Maine 
to Wisconsin and Texas to Florida, in- 
cluding such work as the $18,000,000 
Charity Hospital in New Orleans. His 
firm specialized in rigid frame construction 
and other indeterminate concrete struc- 
tures, developing 
and novel designs. 

Mr. Hausman was a member of the 
Alumni Association of M. I. T. and the 
Rotary Club. He was active in the affairs 
of the Concrete Reinforcing Steel Intsitute, 
particularly the 


form system 


some very interesting 


concrete section in 


standardizing sizes and _ improving 
techniques. 

Frederick Fischer 

an ACI Member since 1939, died in 


California Sept. 3, 1946. Mr. Fischer was 
born in Vienna, Austria in 1888 where he 
obtained a degree in Civil Engineering 
from the Technical University in Vienna. 

After World War I he became construc- 
tion manager of Universale Redlich & 
Berger Construction Corp., Vienna, one 
of the largest in Europe. 

Mr. Fischer came to the United States 
in 1939 and engaged in the building of 
small family homes through his affiliations 
with the Progressive Builders, Inc., 
Frederick Fischer Construction Co., and 
the Loyola Village Construction Co., all 
of Los Angeles. 


Rates 


at the Netherland Plaza, ACI Convention 
Headquarters, Cincinnati, Feb. 24-26: 


single room—$3.50 up; double bedroom, 
$6.00 up; twin bedroom, for two 

$6.50 up; suite, parlor and bedroom 
$14.00 up. 
8 p.m. 


for two 


Reservations held only until 
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ACI Standards 


Minimum Standard Requirements for Precast Concrete Floor 


Units (ACI 711-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for the Construction of Concrete Farm 
Silos (ACI 714-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for the Design of Concrete Mixes 


(ACI 613-44) 


24 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Specifications for Cast Stone (ACI 704-44) 


4 pages: 25 cents per copy 


Specifications for Concrete Pavements and Bases (ACI 617-44) 
30 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for Measuring, Mixing and 
Placing Concrete (ACI 614-42) 


30 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for the Use of Metal Supports for 
Reinforcement (ACI 319-42) 


4 pages: 25 cents per copy 


Building Regulations for Reinforced Concrete (ACI 318-41) 


63 pages in covers: 50 cents per copy. (40 cents to ACI Members) 


Proposed ACI Standards 


Proposed Manual of Standard Practice for Detailing Reinforced Concrete 
Structures 


Reported by ACI Committee 315. It is a separate publication of large format, 
bound to lie flat and presents typical engineering and placing drawings with 
discussion calling attention to important considerations in designing practice. 
55 pages; $2.50 per copy. $1.50 to ACI Members. (Distributed to ACI 
Members in July 1946) 


The Nature of Portland Cement Paints and Proposed Recommended Practice 
for Their Application to Concrete Surfaces 


Reported by Committee 616 as information and for discussion only. 20 pages, 
25 cents per copy (Reprint from AC] JOURNAL, June 1942) 


Proposed Recommended Stresses for Unreinforced Concrete 


Reported by Committee 322 as information and for discussion only. 4 pages, 
25 cents per copy. (Reprint from ACI JOURNAL, Nov. 1942) 
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Sources of Equipment, Materials, and Services 


A reference list of advertisers who participated in the Fifth 
Annual Technical Progress Issue of the AC] JOURNAL— 
the pages indicated will be found in the February 1946 issue 
and (when it is completed) in V. 42, ACI Proceedings. Watch 
for the 6th Annual Technical Progress Section in the February 


1947 JOURNAL. 
Concrete Products Plant Equipment page 
Besser Manufacturing Co., 902 46th St., Alpena, Mich...............0..000000- 436 


—Concrete products plant equipment, production 


Stearns Manufacturing Co., Inc., Adrian, Mich.............00 eee e eee cece cues 409 
—Vibration and tamp type block machines, mixers and skip loaders 


Construction Equipment and Accessories 


Atlas Steel Construction Co., 83 James St., Irvington, N. Y.........0....000 0000s 495 
—Forms for concrete 


Blaw-Knox Division of Blaw-Knox Co., Farmers Bank Bldg., Pittsburgh, Pa. ..... 410-11 
—Truck mixer loading and bulk cement plants, road building equipment, buckets, 
batching plants, steel forms 


ni dcbeadevewenserncsiakh 452 

—Central mix, ready-mix, bulk cement and batching plants, cement handling 
equipment 

Chain Belt Co. of Milwaukee, Milwaukee, Wis....................6200 0000s. 430-1 
—WMixers, pavers, pumps 

Electric Tamper & Equipment Co., Ludington, Mich......................545- 416-17 
—Concrete vibrators . 

Flexible Road Joint Machine Co., Warren, Ohio...............66. 6. eee eee 432 
—Pavement joint and joint installers 

se as ad dw aeed ws ctee adds -atvbeesecde 434 
—Unloading and conveying pulverized materials 

Heltzel Steel Form & Iron Co., Warren, Ohio..... 2.2.2... 0 66. 454-5 
—Pavement expansion joint beams 

Jaeger Machine Co., The, Columbus, Ohio.... 2... 2.0.06... cece eee 418-19 
—Concrete paving equipment 

NE EEE SE EE 448 
—Mixing plant equipment 

ee a cia bcnbadinee tesa tessetenceen 494 
—Tilting and non-tilting construction mixers 

Mall Tool Co., 7703 So. Chicago Ave., Chicago 19, Il. ee i aoa ti gaa wa 431 
—Concrete vibrators 

SS SE 466-7 


—Concrete vibrators 
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Ransome Machinery Co., Dunellen, N. J........... 0. ccc cece ee cece ceucceees 435 
Paving Mixers 

Richmond Screw Anchor Co., Inc., 816 Liberty Ave., Brooklyn 8, N. Y............ 456 
—Planned form work 

manee ©e., 726 Se. Flower St., Burbank, Coll, .......ccccccccscccsccccccsecs 4929-3 


—Concrete vibrators 


Whiteman Manufacturing Company, 3249 Casitas Ave., Los Angeles Calif... .. 444-5 
—Vibrating and finishing equipment 


Contractors, Engineers and Special Services 


American Concrete Institute, New Center Bldg., Detroit 2, Mich. ............... 465 
—Publications about concrete 

Kalman Floor Co., Inc., 110 E. 42nd St., New York 17, N. Y..........020000: 420-91 
—Floor finishing methods 

Prepakt Concrete Co., The, and Intrusion-Prepakt, Inc., Union Commerce Bldg., 

TE ee ok 1s a Sule ciplgwrs ab aiais heim Ria SUR owls.o Site 437-440 

—Pressure filled concrete 

Raymond Concrete Pile Co., 140 Cedar St., New York 6, N. Y.............2006- 414 
—Pile foundations 

Roberts and Schaefer Co., 307 No. Michigan Ave., Chicago 1, Ill.............6. 427 
—Thin shell concrete roofs 

Scientific Concrete Service Corp., McLachlen Bldg., Washington, D. C............. 496 
—Mix controls and records 

Vacuum Concrete, Inc., 4210 Sansom St., Philadelphia 4, Pa...............000- 449.3 
—Forms and lifters with suction controlled concrete 

Materials 

Anti-Hydro Waterproofing Company, 265 Badger Ave., Newark N. J......... 468-9 
—Waterproofing 

Calcium Chloride Assn., The, 4145 Penobscot Bldg., Detroit 26, Mich............ 420 
—Calcium chloride 

Concrete Masonry Products Co., 140 W. 65th St., Chicago, Ill................2.. 415 
—Non-shrink metallic aggregate 

Dewey and Almy Chemical Co., Cambridge 40, Mass..............2..se0eee: 450-1 
—Air-entraining and plasticising agents 

ee ire, Cee i CO I, Wi isis cnnccs ccd cade cdcsedwiweeestae’ 412 
—Waterproofing 

Hunt Process Co., 7012 Stanford Ave., Los Angeles 1, Calif...............0000- 449 
—Curing compound 

Inland Steel Co., The, 38 So. Dearborn St., Chicago 3, Ill. ...............e eee 446-7 
—Reinforcing bars 

Lone Star Cement Corp., 342 Madison Ave., N. Y...........c0 ccc cceeeeeees 428-9 
—Cement performance data 

Master Builders Co., The, Cleveland, Ohio, Toronto, Ont...............005:- 457-464 
—Cement dispersing and air-entraining agents 

Sika Chemical Corp., 37 Gregory Ave., Passaic, N. J.........2ccceecceeeeees 470-1 
—Waterproofings, plasticizer, and densifier 

United States Rubber Co., Rockefeller Center, New York 20, N. Y............... 433 
—Form lining 


Testing Equipment 
Baldwin Locomotive Works, Philadelphia 42, Pa..... 0... cece ccc cc ee eeeeeeee 413 
—Testing equipment 
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SYNOPSES of recent ACI Papers and Reports 





Institute papers of this JOURNAL 
Vol. 18 which are currently avail- 
able. Unless otherwise noted sepa- 
rate prints are 25 cents each. 
Starred %& items are 50 cents or more, 
as indicated. Please order by title 
and title number. 


REINFORCED CONCRETE COLUMNS 
UNDER COMBINED COMPRESSION 
AND BENDING..............-++--- 43-1 
HAROLD E. WESSMAN—Sept. 1946, pp. 1-8 (V. 43) 


Algebraic methods available heretofore for the analysis 
of the reinforced concrete column subject to combined 
compression and bending have usually involved the solu- 
tion of a complex cubic equation and have taken con- 
siderable time when applied to particular problems. A 
new method of successive approximations converging 
rapidly to an exact answer and avoiding the use of the 
cubic equation is presented in this paper. The key to the 
method is the reciprocal relationship existing between 
the load axis and the neutral axis of the transformed sec- 
tion. The method may be applied to any shape of cross 
section and any arrangement of reinforcing steel, provid- 
ing there is one axis of symmetry and the plane of bending 
coincides with this axis. The heen behind the method is 
presented and illustrated with three typical problems. 


EFFECT OF MOISTURE ON THERMAL 
CONDUCTIVITY OF LIMEROCK 
CONCRETE........0eeeeeeeecececees 43-2 
MACK TYNER—Sept. 1946, pp. 9-20 (V. 43) 


The coefficient of thermal conductivity, k, of limerock con- 
crete is a function of temperature, composition and density 
or moisture content. No attempt has been made to 
measure the effect of temperature on k. Holding the 
temperature reasonably constant, the effect of composi- 
tion on k has been measured for two limerock concrete 
mixes (1:5 and 1:7 by volume). The 1:5 mix has a k that 
is 10 per cent larger than the k for the 1:7 mix. 

With the temperature and composition held constant, 
the effect of moisture on k for the 1:5 and 1:7 mixes has 
been measured. The moisture content has a very profound 
effect on k, e.g. increases of moisture from zero to 5 per 
cent increases the k of 1:5 mix by 23 per cent and from 
zero to 10 per cent increases the k by 46 per cent. Con- 
cretes should be kept dry if their maximum heat insulation 
effect is desired. 


CEMENT INVESTIGATIONS FOR 
OULDER DAM—RESULTS OF 
TESTS ON MORTARS UP TO AGE 
OF 10 VEARS..... ccccccccccccccce 4303 


RAYMOND E. DAVIS, WILSON C. HANNA and 
ELWOOD H. BROWN—Sept. 1946, pp. 21-48 (V. 43) 


The effects of composition and fineness of the laboratory 
cements employed in cement investigations for Boulder 

m upon strength, volume changes, and sulfate resistance 
of mortars, are reported for ages up to 10 years. For both 
wet and dry storage conditions, factors for each of sev- 
eral ages are given which indicate the contribution of 
each of the four major compounds present in portland 
cement to tensile and compressive strengths and volume 
changes. 


* ANALYSIS AND DESIGN OF ELE- 
MENTARY PRESTRESSED CONCRETE 
MEMBERS..........-22eeeeeeeeeeees 43-4 
HERMAN SCHORER—Sept. 1946, pp. 49-88 (Vol. 43) 


The purpose of this paper is to outline the analysis and 
design of elementary prestressed concrete members, such 





as beams, columns, ties, etc., subjected to internal and 
external axial forces and bending moments. The internal 
stresses, caused by the action of the prestress forces ore 
combined with the stresses due to external loads in three 
typical loading stages. The first stage considers the stress 
condition resulting from the simultaneous application of all 
sustained loads. The second stage determines the stress 
changes due to normal live loads, based on a truly mono. 
lithic participation of the entire concrete area. The third 
stage assumes a crack tension zone, which condition 
introduces the derivation of ultimate stresses and clarifies 
the influence of the prestress action on the type of failure 
The analytical expressions are simplified by means of 
convenient ratios, which essentially define the sectional 
shape, the effective steel prestress, and the concrete fiber 
stresses. Numerical examples serve to illustrate the various 
steps. 


*STUDIES OF THE PHYSICAL 
PROPERTIES OF HARDENED PORT- 
LAND CEMENT PASTE 


(Part 1) Price 50 cents..............++43-5 
(Part 2 and appendix) Price 75 cents. ..43-5b 


(Part 3) Price 50 cents............... -43-5¢ 
(Part 4, appendix to parts 3 and 4) Price 
eis hid oicdioihes sk Grtpeened acer 43-5d 


T. C. POWERS and T. L. BROWNYARD—Oct. 1946, pp. 
101-132, Nov. 1946, pp. 249-336, Dec. 1946, pp. 469- 
504 Jan. 1947 pp. 549-604 (V. 43) 

IN NINE PARTS 


Part 1. A Review of Methods That Have Been Used for 
Studying the Physical Properties of Hardened 
Portland Cement Paste 

Part 2. Studies of Water Fixation 
Appendix to Part 2 

Part 3. Theoretical Interpretation of Adsorption Data 

Part 4. The Thermodynamics of Adsorption 
Appendix to Parts 3 and 4 

Part 5. Studies of the Hardened Paste by Means of 
Specific- Volume Measurements 

Part 6. Relation of Physical Characteristics of the Paste 
to Compressive Strength 

Part 7. Permeability and Absorptivity 

Part 8. The Freezing of Water in Hardened Portland 

Cement Paste 

Partt9. G 1s y of Findings on the Properties of 
Hardened Portland Cement Paste 


This paper deals mainly with data on water fixation in 
hardened portland cement paste, the properties of evapor- 
able water, the density of the solid substance, and the 
porosity of the paste as a whole. The studies of the 
evaporable water include water-vapor-adsorption charac- 
teristics and the thermodynamics of adsorption. The dis- 
cussions include the following topics: 


. Theoretical interpretation of adsorption data 
. The specific surface of hardened portland cement 
paste 

. Minimum porosity of hardened paste 

. Relative amounts of gel-water and capillary water 

. The thermodynamics of adsorption 

. The energy of binding of water in hardened paste 

. Swelling pressure 

. Mechanism of shrinking and swelling 

. Capillary-flow and moisture diffusion 

10. Estimation of absolute volume of solid phase in 
hardened paste 

11. Specific volumes of evaporable and non-evaporable 
water 

12. Computation of volume of solid phase in hardened 
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paste 

13. Limit of hydration of portland cement 

14. Relation of physical characteristics of paste to 
compressive strength 

15. Permeability and absorptivity 

16. Freezing of water in hardened portland cement 
paste 
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ACI NEWS LETTER 19 


IMUM STANDARD REQUIRE- 
RENTS FOR PRECAST CONCRETE 
SE as cnasccnns sip sci: GM 


RTED BY ACI COMMITTEE 711—Oct. 1946, pp. 
133-148 (V. 43) In special covers 


Supersedes 40-17, 42-11. 

These minimum standard requirements are to be used as 
supplements to the ACI “Building Regulations for Rein 
forced Concrete” (ACI 318-41). With respect to design 
for strength, i. e., for bending moment, bond and shear 
stresses, all types shall be designed in accord with standard 
reinforced design theory and AC! 318-41. With respect 
to cover, there is in some cases departure therefrom 
justified by the greater refinement in the finished product 
when made by factory methods with factory control. Pre 
cast floor systems with |-beam type and hollow core type 
joists are covered Appendix contains applicable sec- 
tions of the ACI code (ACI 318-41). This report, origi 
nally published in Feb. 1944 Journal, has been revised by 
the committee and adopted by the Institute as an AC 
Standard, Aug. 1946. The committee consists of F. N 
Menefee, Chairman, Warren A. Coolidge, R. FE. Copeland 
Clifford G. Dunnells, H. 8B. Hemb, Harve K Imer, Glenn 
Murphy, Gayle B. Price, John Strandberg, J. W. Warren 
Roy R. Zipprodt 


#%RECOMMENDED PRACTICE FOR 

THE CONSTRUCTION OF CONCRETE 
EES tcaveccesecakecccape: GRO 
REPORTED BY ACI COMMITTEE 714—Oct. 1946, pp 
149-164 (V. 43) In special covers 

Supersedes 40-10, 42-12. 

These recommendations describe practice for use in the 
design and construction of concrete silos—stave, block 
and monolithic, for the storage of grass or corn silage 
The report is the work of the committee consisting of 


William W. Gurney vairman, J. W. Bartlett, Walter 
Brassert, Claude Douthett, Harry B. Emerson, William G 
Kaiser, R. A. Lawrence, G. L. Lindsay, J. W. McCalmont 
Dalton G. Miller, ‘ Mitchell, K. W. Paxton, B. M 
Radcliffe, Charles F. Rogers tanley Witzel lt wa 
adopted by the Institute as an ACI Standard Aug. 1946 


THE DURABILITY OF CONCRETE IN 
BEE, Soc cccccccace cscevcccsses SOR 


F.H. JACKSON—Oct. 1946, pp. 165-180 (V. 43) 

This paper discusses the problem of concrete durability 
with reference primarily t jhway bridge structures 
located in regions subject to severe frost action. Four 
major types of deterioration are defined and illustrated 
and several specific matters which have bearing on the 
problem, including the effect of construction variables 


modern vs. old fashioned cements, air entrainment and 
the so-called “cement-alkali’’ aggregate reaction, are 
discussed. The report concludes with a series of 
recommendations indicat ng certain corrective measures 
which should be taken 


WEAR RESISTANCE TESTS ON CON- 
CRETE FLOORS AND METHODS 
OF DUST PREVENTION ........... 43-9 


GEORG WASTLUND and ANDERS ERIKSSON—Oct. 
1946, pp. 181-200 (V. 43) 


This paper presents a description of tests made on con. 
crete floor specimens of various types in order to determine 
their resistance to wear and to investigate the character 
of deterioration of concrete floor surfaces due to traffic 
The results of these tests show that concrete floors pro- 
vided with finish courses containing coarse aggregate up 
to about 4 inch in size and an excess of pea gravel are 
definitely superior to concrete floors with a finish course 
containing fine sand only which are common in Sweden 
at the present time. Moreover, this investigation has 
helped to elucidate the causes of the often very severe 
and detrimental dusting of concrete floors. The surface 
skin of concrete floors is of poor quality and is easily 
abraded. Dusting can be considerably reduced if the 
poor surface skin is removed by machine grinding provided 
that the concrete below the surface skin is of first-rate 


quality. The paper concludes by proposing a detailed 
tentative specification for concrete floor finish which 
differs in essentials from current Swedish practice. 


*LINING OF THE ALVA B. 
ADAMS TUNNEL..................43-10 
RICHARD J. WILLSON—Nov. 1946, pp. 209-240 (V 


The 13.03 mile Alva B. Adams Tunnel, excavated under 
the Continental Divide, as a part of the transmountain 
water diversion plan of the Colorado-Big Thompson Pro- 
ject, United States Department of the Interior, Bureau of 
Reclamation, is now lined with concrete. Lining equip- 


ment and methods and aggregate processing are de- 
scribed 


REPAIRS TO SPRUCE STREET 

BRIDGE, SCRANTON, PENNA......43-11 
A BURTON COHEN—Nov. 1946, pp. 241.248 (V. 43) 
Repairs and reinforcements of the Spruce Street Bridge 
built in 1893 over the Lackawanna Railroad and Roaring 


Brook in Scranton, Pa. are described The effective 
application of the “Alpha System-Composite Floor De 
sign’ reinforced the floor system at the same time a new 
concrete floor slab was laid. Concrete prices are in 
cluded and eleven illustrations supplement the text of the 
paper 


THE STRUCTURAL EFFECTIVENESS 
OF PROTECTIVE SHELLS ON REIN- 
FORCED CONCRETE COLUMNS. ...43-12 


F. E. RICHART—Dec. 1946, pp. 353-364 (V. 43 


This paper presents a study of 108 plain, tied or spirally 
reinforced concrete column The columns were 7, 8 and 
in. round or square, 45 in. ong, and the ties and spirals 
were 6 in. in diameter 
The columns were loaded axially, with “flat’’ ends 


Strains were measured and close observation 
nitial failure of the protective shell 
ilyses of the test result 


were made 








were made to see if the column 





were fully effective. This was the case with the 
shells of spirally reinforced columns, but the tied columns 
showed a slight deficienc n the strength expected on 
the basis of previous test of the 193 ACI! column 
investigation 
The test results lend support to the 


cesign methods pre 


scribed in the current AC! Building Regulations for 
Re nforced Concrete 


PRECAST CONCRETE STRUCTURES. . 43-13 
A. AMIRIKIAN—Dec. 1946, pp. 365-38 V. 43 
Precasting 


becoming a major factor in the choice of 
ncrete as a construction material because of 
ever-rising cost of labor and materials. The advantages 
of precasting are not however confined to savings in cost 
and materials. Since it isa planned method of construction 
comparable to factory production, its use also assures a 
better control of quality and speedier completion of the 
project. This article is an attempt to show how precasting 
can be utilized to provide the framing of a great variety 
of structures. The first part deals with bent type of framing 
as used in buildings, the second describes a novel type of 
framing consisting of precast cells, particu ar y suitable for 
floating structures 


COMPARATIVE BOND EFFICIENCY 

OF DEFORMED CONCRETE REIN- 
PERCE BPR so ccce vce vecveccs css 
ARTHUR P. CLARK—Dec. 1946, pp. 381-400 (V. 43) 


The purpose of the tests described was to determine the 
resistance to slip in concrete of 17 different designs of 
deformed reinforcing bars 

The tests were of the pull-out type in which the bars were 
cast in a horizontal position; the depth of concrete under 
the bars and the length of embedment were varied. The 
slip of the bar was measured at the loaded and free end. 
Three tests were made of each variable for each design 
of deformation. 
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1 was established that a certain group of the bars was 
definitely superior to the others, in the sense that their 
average rating was significantly higher than the average 
of the others. Bars cast in the top position were much 
less effective than those cast in the bottom position 


*%&PROPOSED REVISION OF BUILD- 
ING REGULATIONS FOR REIN- 
FORCED CONCRETE (ACI 318-41). .43-15 


REPORTED BY AC! COMMITTEE 318—Dec. 1946, pp. 
401-468 (V. 43) 


The report with its proposed changes has been released 
by the Standard Committee for convention action. 
The contents are fully explained in the title. The current 
e” appears in full in larger type, the proposed 
nges in smaller type. Published for information and 
study prior to convention consideration 


HIPPED PLATE CONSTRUCTION... 43-16 


GEORGE WINTER and MINGLUNG PEI— Jan. 1947, 
pp, 505-532 (V. 43) 


This paper discusses and illustrates a method of design 
and construction increasingly used in Europe since the 
early thirties, but hardly known in this country. Named 
“Faltwerke’’ abroad, such structures consist of rigid 
reinforced concrete boxes made up of slabs joining at 
various angles, without the aid of beams or girders. In 
view of the considerable rigidity of the box as a whole, 





January 1947 


such structures can be made to bridge considerable spans 
without intermediate supports in the form of columns 
frames or trusses. The type of construction is particularly 
applicable to bunkers, long span roofs, hangars, and the 
like. 

The paper is essentially a digest of the very extensive 
European literature on the subject. It aims to discuss the 
essential design procedures, though not pretending to be 
complete with regard to questions of somewhat secondary 
importance. Originality is only claimed in the develop. 
ment of an appropriate, simplifying distribution method 
the introduction of a consistent sign convention, and other 
substantial, practical simplifications 

Examples of erected structures are illustrated, a design 
example is given, and an extensive foreign bibliography 
is appen 


HYDRAULIC STRUCTURE MAINTE- 
NANCE USING PNEUMATICALLY 
PLACED MORTAR...... 43-17 
W. L. CHADWICK—Jan. 1947, pp. 533-548 (V. 43) 


Where exposed to frequent freezing and thawing cycles 
while saturated, concrete in hydraulic structures and on 
snow-covered flat or nearly flat surfaces suffers deteriora. 
tion which requires repair before the strength of the 
affected structure is seriously impaired. The principal 
causes of deterioration are enumerated, and several meth- 
ods of customary repair are discussed, with special ment’on 
of the methods employed in making repairs to a num 
of hydraulic conduits and dams in the high Sierras 
of California 


The AMERICAN CONCRETE INSTITUTE 


is a non-profit, non-partisan organization of engineers, scientists 


builders, manufacturers and 


representatives of industries associated 
in their technical interest with the field of concrete. 


The Institute 


is dedicated to the public service. Its primary objective is to assist 
its members and the engineering profession generally, by gathering 
and disseminating information about the properties and applications 
of concrete and reinforced concrete and their constituent materials. 


For four decades that primary objective has been achieved by 


the combined membership effort. 
with the cooperation of many public and private 


mittees, and 


Individually and through com- 


a 5 paw members have correlated the results of research, from both 


field an 


manufacture. 


laboratory, and of practices in design, construction and 


The work of the Institute has become available to the engineering 
profession in annual volumes of ACI Proceedings since 1905. Be- 
inning 1929 the Proceedings have first appeared periodically in 
the ournal of the American Concrete Institute and in many separate 


publications. 


Pamphlets presenting brief synopses of Journal papers and 


reports of recent years 


most of them available at nominal prices in 


separate prints, and information about ACI membership and special 
publications in considerable demand are available for the asking. 


New Center Building, Detroit 2, Michigan 
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Mr. Chairman* 


By R. W. CRUMt 


Member American Concrete Institute 


SYNOPSIS 


The author “has fun” over the performance of chairmen in the conduct 
of technical meetings as he did on another occasion, with the authors’ 
presentations of their papers, in ‘“Technical Tedium or Otherwise.” 


Those sessions of learned societies that result in so many hours of 
“Technical Tedium” (sometimes ‘‘otherwise’’){ always have a dignified 
gentleman sitting on the platform who introduces the speakers and who 
may, if he has it in him, exercise some control over the proceedings. We 
will call him the Chairman. His experience goes something like this: 

Glancing at his watch, the Chairman realizes that it is already 25 
minutes past starting time, and if they are going to get through in time 
for lunch, they will really have to get started. So, striding importantly 
up the aisle, he mounts the rostrum, picks up the gavel and gets ready to 
give a bang and open the meeting. But, noticing that a few more en- 
thusiasts are about to join the six already present, he pauses long enough 
for &@ man, a woman and a bulldog to come down and take seats in the 
second row.' Also, he thinks he had better make sure the first speaker 
is on hand. Seeing that he is back near the door in earnest conversation 
with a bellboy, he pounds lustily on the block and says into the mike, 
“Will the meeting please come to order.’’ Nobody hears him because 
the mike hasn’t started working yet, but they get the idea anyway 
and for a moment a brief hush prevails the hall. (The whispered con- 
ferences are soon resumed. ) 

This is his opportunity. The big moment has arrived. Clearing 
his throat huskily he starts on the brilliant opening speech he has been 
~ Received by the Institute, June 21, 1946. 

{Director Highway Research Board; Past-President ACI. 

{See “Technical Tedium or Otherwise,’’ ACI Journat, Apr. 1941; Proceedings V. 37, p. 589; subsequently 
republished by ACI permission in numerous periodicais. 


‘But that is another story. I well remember that bulldog. He had a kind as well as an intelligent face, 
and paid close attention.—Author 


(613) 
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rehearsing to himself for the past hour: ‘‘Ladies and Gentlemen’— 
This goes over pretty well because it only lasts fifteen minutes and the 
audience isn’t tired yet. The jokes are old friends that always deserve g 
tolerant laugh. 

Then the punishment begins. There follows three or four hours of 
monotonous reading of papers, interspersed with more or less unin- 
telligible lantern slides, each of the speakers taking up his allotted 
time and then some. The thing has to be stopped a half or three-quarters 
of an hour after lunch time, leaving 25 to 50 percent of the program 
unaccounted for. Such discussion as there is rambles and takes alto- 
gether too much time. 

Or, it might be done (and sometimes is) something like this: 

Promptly at the appointed hour the Chairman would call the meeting 
to order and proceed with the day’s business. (Of course, the audience 
might be mostly empty chairs, but that is more or less true no matter 
how late you start. They just won’t come in until the meeting is under 
way). Then in a few words the Chairman might outline the rules for 
the occasion, such as the time to be allowed the speakers and discussors;: 
the injunction to announce the name, in the case of discussion from the 
floor, so that the audience will know who you are and the reporter will 
have the names for the record (even if you are well known to the audience, 
you are just a strange voice to the reporter); the instruction to come up 
to the microphone without coaxing etc. 

With these few preliminaries the Chairman might introduce the first 
speaker, note the time and settle back to listen and get ready to warn and 
stop the orator, if necessary, at the proper time. The speaker having 
unburdened himself without over-running his period, the time allotted 
for discussion is available and if the discussors are kept in control, the 
subject may be illuminated and the next few minutes enjoyed by all. 
With a few brief remarks (very brief) and perhaps an appropriate anec- 
dote by the Chairman, the next speaker is then brought to the rostrum 
and the program goes ahead on schedule. Perhaps this speaker has to 
be stopped; he ignores the one-minute warning or (more likely) is ob- 
livious to both it and the stop signal. Nevertheless the Chairman is 
firm and gets him stopped without great disarrangement of the schedule. 

Thus it goes, and when luncheon time arrives the audience is sur- 
prized to find that the session is over on time and that they have been so 
interested that time has flown and the hotel torture chairs have not 
damaged their spines and dispositions nearly so much as usual. 

However it goes, the Chairman plays an important part. It is not 
a glamorous job, for the more unobtrusively he does it, the better. His 
function is to help the audience to enjoy the speaker’s offerings, not to 
steal the show with his own brilliant display of wit and wisdom. Nor is it 
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his part just to sit there and announce the speakers. If a program is 
scheduled on the basis of 20 minutes per paper with 10 minutes each for 
discussion, it is a foregone conclusion that some if not all of the speakers 
will take at least 30 minutes. How to change this situation, I don’t 
know, but the Chairman had better take it into account. Some leeway 
should be allowed in making the schedule in the first place. 

The role of presiding officer deserves study. In a spirit of modest 
helpfulness, I am impelled to set down here a few notes respecting 
chairmaning technical meetings garnered from some years of listening, 
speaking and presiding.? 

The Chairman’s obvious function is to introduce the speakers; but 
for a well run meeting, that is secondary. He should assume some re- 
sponsibility for seeing to it that the audience in the back chairs can hear 
the speaker, but his big job is to get the speakers stopped when their 
time is up. If he can do this and keep their friendship, he is good.* 
However, it is more important for him to operate so as to make friends 
with the audience. He must use great tact (if he has any), for he has 
to be mean and make the speakers like it. He should be witty, wise and 
know something about all the topics so that he may stimulate dis- 
cussion at the proper time (if there is time). The men best qualified to 
discuss a paper are often too modest to obtrude their views. If called 
upon they may respond with great profit to the audience. It is well for 
the Chairman to provide himself in advance with the names of a few 
such men. He must be firm and a rapid calculator of time under stress. 

When feasible it is very much worth while for the Chairman to meet 
the speakers before the meeting and discuss with them the need for clear 
speaking and for adhering to the time schedule, and tell them of the 
system of signaling that will be used to notify them of the lapse of time. 
A procedure that has been used with marked success by the American 
Concrete Institute is for the President and Secretary of the organization 
and the Chairmen of the sessions to meet with the speakers at break- 
fast or lunch preceding the meetings. 

It will help the Chairman to keep running notes of the times. Fig. 
| shows a chairman’s time sheet from actual practice.‘ 

The Chairman can also relieve the tedium by brief (very brief) re- 
marks between speakers, which may very well be enlivened by a timely 
joke or anecdote. Most technical sessions are too deadly serious. An 
occasional laugh makes the chairs sit easier and may draw into the 
auditorium those stragglers lounging in the lobby, who finally get the 
impression that a meeting is being held. 

*Of these three, my preference is to gossip with other old timers in the lobby.—Author 

‘I nearly got beat up once by one of my best friends because he claimed I put the red light on him before 


he even got started. It was true, too. I had forgotten to switch it off after the struggle with the previous 
speaker,— Author 


‘Iam sorry I can't explain the symbolism of the time sheet; the key is a professional secret.— Author 
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The Chairman should not allow himself to become oblivious of time 
by becoming too interested in the papers; however, after the first one or 
two there is little likelihood of that happening. 

Keeping extemporaneous discussion within the time limit is often 
more difficult than controlling the original speakers. It helps a little for 
the Chairman to stand during these parts of the exercises. If the dis- 
cussor is able to think at all, this may serve to restrain his verbosity. 

Hotel convention chairs may not be deliberately designed as instru- 
ments of torture, but the effect is there just the same. Let the Chairman, 
ensconced in his comfortable seat, remember his hours of discomfort. in 
the audience and declare a five or ten minute recess about every hour 
and a half. Of course, he may lose about half of the audience, but what 
of it? If they do stay, that group is too far gone to listen anyway. 

The audience has some rights which cannot be denied. They have the 
right to get up and go out, the right to go to sleep if they wish and the 
right to holler “louder’’ when 


they can’t hear. The first 
Je 9°19 oe F:3t yi two evidences of boredom 





SZ may be obviated if the pro- 

2- %'F4F 9:34 pe gram consists of brief, pun- 
/0:03 . 

9:3 gent statements that ignore 


the dreary details that lead 


3- fo: /3 G'S cali ; : 
up to the new and interesting 
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results presented. Concern- 


. :43 7 : : it 
4 rae of ie ing the third, it is not a bad 
Mi idea for the Chairman to 

$ 0: ; ; 
a eT ~ station a stooge in the rear of 

eat ene o oh oh /o «6 ms 
“ the hall to eall ‘“‘louder’’ when 
J1:17 


the hearing gets tough,® or 
better give him an unobtrus- 
sive signal so that the Chair- 
man may ask the speaker to 
raise his voice: 
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CS 12, 


7- (2:13 106 “4, .46 
eae. 2 
olen 12:08 


72:08 The only right the speaker 
Lonel, 2 _—@& has is to make his speech and 
umh : fulfill his obligation to get 

through on time. 
Be I once heard that the best 
way to end aspeech or a paper 











is to stop when you don’t 


bs 1—A chairman's “‘time sheet."’ The author think of the next word. That 
refuses to explain—the “doodles” are doubtless jg g good rule and this is the 
of subconscious origin and unexplainable. 

place. — 


5It is not considered good form to yell ‘‘louder” and ‘“‘funnier’’ when the Chairman is talking. 
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Observations of War Damage to Concrete and to 
Cement Industry Properties in Germany* 


By MYRON A. SWAYZET 


Member American Concrete Institute 


SYNOPSIS 


While on a seven week trip through Germany making a survey of the 
German cement industry, the author observed damage to structures re- 
sulting from allied bombing. Types of German cement are compared 
with American cement and, though German cements were generally 
considered as inferior to American, their high quality of concrete presen- 
sented a paradox as seen in the durability of their roads. Illustrations 
show results of bombing on hotels, bridges, cement and industrial plants 
and dams. An interesting example of the use of a mound of gravel as form 
work for an arch factory roof is described. The author believes American 
engineers could profit by a study of German examples of precast concrete. 


During a trip through Germany in the summer of 1945, made under 
the auspices of the Foreign Economic Administration, my official duty 
was to make a survey of the German cement industry, to see if they had 
any improvements in either cement manufacturing methods or in quality 
of product which would be of value to American producers or users of 
cement. Opportunities for observing concrete construction during that 
time were mainly during the frequent periods when our party was in- 
dulging in the old army slogan, “Hurry up and wait.’”’ The photographs 
were taken on rejected aerial film released by the Air Force, so their 
quality in some cases must be pardoned. 


GERMAN CEMENTS 
To begin with, let us discuss the German cements, since their quality 
would normally be assumed to have a bearing on the quality of concrete 
made from them. Their cement specifications cover three grades of 
product which are typified only by differences in strength and fineness. 


*Preser ted 42nd ACI Convention, Feb. 21, 1946. 
tDirector of Research, Lone Star Cement Corp., New York 17, N. Y,. 
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Their “normal” and “high strength” cements are based on what we call 
Type I clinker. Their “highest strength’? cement was made at only five 
plants from a high lime, fairly high alumina clinker, similar to many of 
our Type III products. At least two of these five plants felt the ne- 
cessity of adding calcium chloride to the product to give the early strength 
an additional boost. 

No evidence could be found of special products such as our Types IL, 
IV and V for moderate heat, low heat and sulfate resistant cements, 
Mixtures of granulated blast furnace slag with portland cement clinker 
were apparently optional before the war, as long as the product passed 
the strength requirements. During the war use of slag interground with 
clinker was encouraged in order to save fuel and, as a result, the use of 
straight portland cement declined from about 82 per cent of the total 
production in 1937 to 65 percent in 1944. The remainder was very 
largely either “Eisen-portland”’ containing up to 30 per cent slag or 
“Hochofen” cement, which may run as high as 70 per cent slag. A small 
amount of trass cement is manufactured in the Eifel district of the 
Rhine valley. This is a portland-puzzolan cement of which more will 
be said later. 

A few plants were found in Germany which had done a conscientious 
job of controlling proportions of raw material and of burning this to 
what we would call good clinker. However, the great majority of the 
plants visited were making a product which was inferior in practically 
every way to the cements manufactured in the United States or in Great 
Britain. Their control of raw mix proportions was generally lax, and 
fine grinding of these materials which we believe essential for good 
quality was no where near that of American practice. The burning 
operation is much lighter than ours, even in plants with modern kilns, 
and free lime contents as high as 2.5 per cent are not uncommon. 

Many plants still use vertical kilns for burning; in fact, we saw a 
bank of four which had just been erected and were going into operation 
for the first time. This type of kiln was abandoned in the United States 
over fifty years ago. The quality of clinker they produce can best be 
described as atrocious, running all the way from partly burned mix 
up to slagged clinker, with a considerable percentage of dusted material 
after cooling due to inversion of dicalcium silicate to the non-hydraulic 
gamma form. At some plants these kilns constitute the sole means of 
burning; at others, part of the-production is in rotary kilns in order to 
bring up the average clinker quality. 

The single exception where the German cements may have a slight 
advantage over ours is in workability in concrete. The testimony of 
our army engineers was practically unanimous that they get a little 
better workability in concrete with the German product. The answer 
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to this is of course in the presence of the underburned and dusted ma- 
terial in their clinke:—any soft material of this sort interground with 
hardburned clinker will improve its plastic properties. Addition of air- 
entraining agents works the same way, although the Germans were 
apparently not aware of this development in the American industry. 


Considering the all-around quality of German cements as inferior to 
our own—in composition control, in soundness and uniformity of clinker 
—the high quality of German concrete presents a paradox, especially 
in the field of highway concrete. In all my experience I have never seen 
concrete highways in better shape after at least seven years of service 
than in the German autobahnen. We covered a long mileage of these 
superhighways both in the American and British areas of occupation, 
and with the exception of one single area they were in beautiful shape in 
spite of the heavy war traffic which they must have handled. Their 
quality is a tremendous challenge to American engineers to do likewise. 
I am convinced that it can be done here if we use the same meticulous 
‘are in laying, finishing and curing that the Germans have employed. 


The single exception where scaling has occurred on the auto roads is 
in the neighborhood of the trass-cement plants in the Rhine valley 
south of Cologne. Here one section, which was beginning to scale in 
1938, is now covered with a bituminous coating. Other sections in the 
same area are now showing scale. While the cement used could not be 
identified definitely, the German government quite generally confined 
their cement use to the plants closest to the job, so the surface disintegra- 
tion in this area may well be significant. 


EFFECTS OF BOMBING 


Concerning Allied bombing in Germany, which is the thing above all 
else that first impresses the visitor, the following pictures may prove 
of interest. Fig. 1 shows the Grand Hotel at Nuernberg. It is still in 
habitable condition, although a bomb hit just at top floor level and 
landed in the basement before exploding. 


Fig. 2 is a view taken from the fifth floor of the Grand Hotel showing 
destruction by incendiary and high explosive bombs. Like the piec- 
tures shown by Capt. Praeger* of atomic bomb damage in Japan, the 
stability of slender stacks and even house chimneys is notable. Fre- 
quently chimneys will stand unharmed two or three stories above the 
remains of a building. Unlike the views shown by Capt. Praeger, the 
effects of even large high explosive bombs are distinctly localized, whereas 
the atomic explosion smashed down or pushed over everything. 


* Behavior of Concrete Structures under Atomic Bombing,” by FE. H. Praeger, ACI Journan, June, 


1946, Proceedings, V. 42, p. 709. 
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Fig. 2—View from 5th floor Grand Hotel 


Fig. 3 is of a side street in Nuernberg, showing the shattered rubble 
from high explosive. The stone building at the right at least partially 
withstood blast from the opposite side of the street. 

In general, the German cement industry did not suffer much from 
bombing. When coal becomes available probably 85 per cent of the 
plants can resume production where they left off. A few plants in the 
Hannover area were not so fortunate. Fig. 4 shows the remains of a 
modern kiln room at one of these plants. While the kilns appear to be 
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in good shape, there were some holes through the shells that you could 
drive a jeep through. 

Fig. 5 shows the cement storage and packhouse at a nearby plant. 
The deckslab was all that remained of the storage (center background), 
while the packing plant was unrecognizable except for a few pieces of 
packing machinery protruding from the rubble. 

Not all of the destruction in Germany was caused by allied bombing. 
The Germans themselves blew up many of their structures, especially 





Fig. 4—Kiln room, Germania plant 
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bridges, to impede the advance of the allied armies. Fig. 6 shows a 
blown bridge across both lanes of the autobahn near Nuernberg. The 
span in the foreground fell at least 14% ft., with hardly a crack in it. 
Fig. 7 shows the same bridge with the shattered center pier between 
the two traffic lanes, and with the left hand lane cleared by our bull- 
dozer tanks. 


The reinforcing shown in these views, as in all the rest of concrete 
seen in Germany, was plain round, undeformed bars. We saw only four 
deformed bars in all of Germany, and these were in what seemed to be 
a test column. Examination of bars failed to show any adherence of 
concrete to them. Whether the original bond was low on account of 
lack of deformation, or whether the shattering effect of the high ex- 
plosive was enough to destroy all bond, I do not know. However, it 
seemed significant that no concrete whatever could be found adhering 
to the loose reinforcing. 


The Germans themselves had to repair some of their structures, 
in order to maintain production of vital war material. The Mdédhne 
Dam was one of these essential structures, having been knocked out by 
the R.A.F. after months of practice on a similar dam in Great Britain, 
along with the Eder Dam a little farther east. Fig. 8 shows the pro- 
tection given the upstream face of the dam, which consisted of 500 ft. 
high towers on each side of the lake about 4 mile upstream, from which 
was suspended a cable with vertical wires to intercept low flying torpedo 
planes. Then about 100 yards out a submarine net supported by floats 





Fig. 5—Cement storage and packhouse Norddeutsche plant, 
Misburg 
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ran from shore to shore, while a second net was located close to the 
dam face. In spite of all this the British planted their bombs against 
the upstream face, and blew out at least a third of the dam’s length and 
two thirds of its height. The Germans claimed that over 30,000 people 
were drowned in the flood that resulted. 


Fig. 9 shows the repaired section of the dam, already badly stained 
with rust from the bomb net. The old penstock for one power-house 
lies in the foreground. A second powerhouse was running one turbine 
at the time of our visit. 





Fig. 6—Demolished bridge over autobahn, near Nurnberg 





Fig. 7—Same bridge showing plain bar reinforcing 
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Fig. 8—Upstream side Mohne Dam, showing submarine nets for 
air raid protection 
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Fig. 9—Repaired section Mohne Dam from downstream 


INDUSTRIES PLACED UNDER CONCRETE 


When the Germans realized that there were bigger bombs in the 
world than their 1000 pounders, and that these were going to be dropped 
on them, they began to put their essential industries underground. 
Most of this new construction was not under ground at all; it was under 
concrete. 

One of the old buildings undergoing this sort of reconstruction was 
a Messerschmitt engine assembly plant. The old concrete building 
already had a concrete roof 20 in. thick. This was reinforced by con- 
crete load-bearing partition walls of about 4 ft. thickness, with heavy 
concrete columns between partitions, to support the new roof. Fig. 10 
shows, under assembly, reinforcing for the first layer of roof, which 
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was poured to a thickness of 10 ft. on other sections of the building. 
There were some indications that another 10 ft. layer was intended to 
go on top of the first, making 20 ft. of roof in all. Fig. 11 shows rein- 
forcing for the new outside wall of the same structure, whose intended 
thickness was estimated to be about 9 ft. 


+ 





Fig. 11—Reinforcing for sidewall, Messerschmitt engine plant 
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Another very interesting new structure, both from its type and con- 
ception of construction, was a building for assembly of Messerschmitt 
planes. It was to be of single concrete arch construction, with a width 
of 270 ft. from springline to springline on the inside, and a length of over 
1000 ft. To begin construction, gravel was excavated at the sides and 
thrown up in the middle to form the top of the arch support. Next, a 
facing of low grade concrete, probably not over 2% or 3 sk. to the cu. yd., 
was placed over this gravel mound to act as the bottom form for the arch. 
After this, reinforcing was assembled and concrete placed to a depth of 
about 10 ft. as shown in Fig. 12. The reinforcing extending above this 
layer indicates definitely that a second layer of concrete was intended 
above the one shown, and what appears to be vegetation on the left 











Fig. 12—Messerschmitt plane plant—facing complete in foreground 
—first 10 ft. of concrete arch in place, background 





Fig. 13—Underside of arch after excavation of gravel but before 
cleaning of surface 
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hand side of the arch is camouflage. After completion of the first layer 
of concrete in the arch, steam shovels were moved underneath and the 
gravel excavated in two benches. Fig. 13 shows part of the interior, 
with scaffolding up for removal of the adhering gravel and low grade 
concrete which acted as the bottom form for the arch. 

As has been previously stated, most of the above observations were 
incidental to my work in surveying the field of cement manufacture. ‘The 
subject of reinforced concrete design was not adequately covered by any 
investigator, so far as I know. Likewise, more attention should be 
given to German work in precast concrete than was given, especially 
where they had prestressed reinforcing, as in railway ties, floor joists, 
slabs and other structural members. For example, we saw a beautiful 
little roof truss at Heidelberg with prestressed wire reinforcing. The 
members were less than 3 in. square in cross-section. The wire was less 
than % in. diameter, and on a 5 ft. span in the form we plucked one and 
it gave off a note just about an octave above middle C. That is high 
stress. Such things are well worth expert study, and it is hoped that 
other investigators can visit Germany and report on new developments 
in manufacture of precast concrete. 
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Discussion of a paper by Myron A. Swayze: 


Observations of War Damage to Concrete and to Cement 
Industry Properties in Germany* 


By A. E. WYNN and AUTHOR 
By A. E. WYNNT 


I was particularly interested in reading the remarks of Mr. Swayze 
regarding the scaling of the surface of concrete roads in the territory 
south of Cologne, Germany. 

In 1938 I made a tour of inspection of the construction of the German 
Autobahnen in the Frankfurt-Munich district which is close to the large 
cement plants at Wiesbaden. 

I remarked to the engineers in charge that the method of construction 
might lead to scaling of the surface, but they seemed to be quite happy 
about it. 

These roads are 22 ecm thick and were constructed in two layers of 15 
and 7 cm respectively, the same mix and materials being used throughout. 

After the first layer was deposited 17 em thick, heavy tamping machines 
compressed it to 15 ems, leaving the surface level and fairly smooth. 

The second layer was placed about one hour after the first layer. The 
concrete was dumped onto a bridge one meter wide, from which it was 
shoveled onto the bottom layer, the reason given for this method being 
that the quantity of concrete was so small. 

Water was added to the concrete while on the bridge with watering 
‘ans to obtain a rather wet mix. 

I remarked at the time that there seemed to be considerable danger of 
developing a cleavage plane and that the addition of water by hand 
seemed to nullify many of the accurate and scientific methods used up 
to that point. 

The top layer was finished by a strike-off screed, oscillating across the 
road while moving forward about 6 in. at a time, followed by a vibrating 
plate and a second finishing screed. 


*ACI Journat, Feb. 1947, Proc. V. 43, p. 617. 
tDirector, Concrete Assn. of South Africa, Johannesburg. 
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The finishing machine was followed by a bridge from which the surface 
was given a broom finish. 


The finished surface was very smooth but wet, even running wet, 
and the engineers stated that it was desirable to have a film of mortar 
on the surface about 2 mm thick. I remarked that this was very doubt- 
ful and might lead to serious scaling. The reason given for placing in 
two layers was that the vibrations of the finishing machine would not 
penetrate the lower layer. This was probably due to the lower layer 
already being consolidated. 

The finishing machine was followed by covers a few feet above the 
surface and traveling on the side forms. Behind the covers, which were 
100 m long, the surface was covered with straw and kept wet for 8 days 
by water carts. 

It is a question, then, whether the scaling observed was not due more 
to the method of finishing than to the cement used. 


The mix was 1 of cement to 6 parts of mixed aggregate by weight, 
the aggregate being taken in the correct proportions from 9 bins con- 
taining different gradings. 

My final remarks in my report on the visit were: “While the methods 
are very scientific up to a point, they are rather spoiled by the method of 
final finishing. Duplication of plant would seem unnecessary and very 
expensive, and the better results obtained, if they are better, would not 
seem to be justified by the cost. The final surface finish would be con- 
sidered too smooth in other countries, and there is a possibility that, 
in time, they will flake, though in justification there is no evidence of it at 
present.”’ 


AUTHOR'S CLOSURE 


The discussion by Mr. Wynn of a portion of the writer’s paper, is of 
decided interest, since the surfaces of all the German auto roads in the 
Frankfurt-Munich district where he noted methods of construction in 
1938 are still in excellent condition. The method described by Mr. 
Wynn of tamping down a rather dry base course, following with a some- 
what wetter top course, with use of water from sprinkling cans to assist 
finishing, has therefore not produced a non-durable, flaking surface, 
as he has feared. 

The area in which surface scaling was noted in 1945 by the writer 
was north of Wiesbaden in the vicinity of Neuwied, where trass cement 
was manufactured. I have recently obtained direct information from 
one of Dr. Todt’s committee on cement and concrete specifications for 
the construction of the Reichsautobahnen that trass cement was at 
first excluded from the construction program due to their fears on the 
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score of durability. However, the scientific members of the committee 
were overruled from above by “mighty persons in the Nazi regime.”’ 
and use of this portland-pozzolanic cement was allowed. The suspicions 
of the writer that the surface scaling noted in this area was due to use of 
trass cement, rather than to the construction methods employed, are 
therefore confirmed. 


Concerning German portland cement quality as compared with cement 
produced in the United States, the conclusion of the writer that we 
have a superior product has likewise been confirmed by the German 
authority. He has recently stated, ‘In general, I agree completely 
with you that the German cement quality was not as high as that of 
American brands.” 

With this anomaly confronting us—lower quality in portland ce- 
ment, and yet higher durability of highway concrete surfaces made 
from it—the inference is very clear that we should at once re-examine 
our present methods of laying, finishing and curing concrete pavements 
here in the United States. All of us are familiar with the sight of tire 
tracks, foot prints, etc., which have been made in fresh concrete surfaces 
long after the regular finishing has been completed. In severely scaled 
areas these marks are often the only portion of the original surface which 
remains. They should tell us that the original finishing was done too 
soon after the concrete was laid. 

The German method noted by Mr. Wynn of laying a dry base course, 
followed by a wetter top course, is an old American method for two 
course sidewalk construction. While it appears to contain an element 
of danger, actually enough water is absorbed from the top course by 
the dry base to provide first, good bond between the courses, and second, 
a moderately low water-cement ratio at the surface. Sprinkling during 
early finishing of the surface was frequently necessary to prevent for- 
mation of shrinkage cracks from loss of water to the dry base. Troweling 
of the surface was usually continued at intervals until the surface was 
almost hard. Durability of such surfaces was generally excellent. 

While the advent of concrete containing entrained air in this country 
has greatly lessened the need of the strictest attention to details of 
finishing and early curing of concrete surfaces, so far as their durability 
is concerned, there is still much that can be gained by a thorough re- 
study of our present finishing and curing methods. Delay in the time 
of final working and brooming of the finished surface need not increase 
the cost of laying a concrete pavement by any material amount, and 
may do much to insure durability of that surface. 
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Cracks in Concrete* 


By BYRAM W. STEELET 


Member American Concrete Institute 


SYNOPSIS 


Cracks in concrete that are irregular and uncontrolled are objection- 
able. If causes were better understood, the elimination of cracks would 
be less difficult. Cracks are mainly due to one or more of the following 
causes: 1) lack of adequate investigation of all of the ingredients 
involved; 2) lack of sufficient advance planning to obtain satisfactory 
results; 3) lack of team work in the human element involved in this 
intricate manufacturing process; and 4) lack of teamwork (compati- 
bility) in the ingredients, which include alkali aggregate reaction and 
the use of argillaceous limestone and chert as aggregate. The modern 
laboratory’s test procedure will not condemn many limestones and 
cherts that are capable of starting surface cracking. The elimination of 
unsound types is not at all a simple procedure. A suggested A-B-C 
procedure is offered toward the partial elimination of cracks: A to 
establish approved sources of aggregate. with good service record; B 
thoroughly investigate new sources of supply subjecting them to all 
known tests including analysis by a petrographer; C study the design 
of every structure proposed with a view towards eliminating structural 
cracks by proper control of the design of the mix and the placing of the 
concrete and provide relief from volume change tensile stresses with 
designed cracks placed where they will not be objectionable. 


INTRODUCTION 

In one respect, cracks in concrete are very similar to the weather. 
Everyone talks about them but no one ever seems to do anything about 
them. Everyone also concurs in the statement that, “Irregular, un- 
controlled cracks in concrete are objectionable.’’ Whether such cracks 
are sufficiently objectionable to warrant their elimination is one of the 
moot questions that may be doomed to remain in that category forever, 
unless engineers plan sufficiently far in advance of construction to in- 
clude precautions necessary to avoid cracks. This statement 


has no 





*Received by the Institute December 16, 1946. _ 
tEngineer, Office, Chief of Engineers, U. S. Engineer Department, Washington, D. C. 
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reference whatsoever to cost. When the cost of the necessary pre- 
cautions is added into the cost of the necessary planning, complications 
are produced which are, too often, brushed aside as impracticabilities. 
Perhaps, if the causes of cracks in concrete were better understood, 
the elimination of cracks would be less difficult. 


WHAT IS A CRACK? 


For the purpose of the discussion in this paper, a crack in concrete 
is defined as ‘‘a narrow, irregular opening of indefinite length and depth.” 

As the cement in concrete hydrates, the temperature of the concrete 
rises and causes a corresponding increase in the volume of the mass. 
When the maximum temperature at any point in the concrete mass has 
been reached, the temperature starts to drop and is accompanied by a 
corresponding decrease in volume and by a possible development. of 
incipient cracks due to restraint and tensile stress. All concrete must 
pass through this initial cycle of chemical heating and physical cooling, 

Since they permit the migration of water into the interior of the 
mass, cracks in concrete are the entering wedges of disintegration. In 
its fluid state, water seeping into the concrete gradually dissolves out 
the cementing medium. In its solid state, water disrupts the bond be- 
tween the cement and the aggregate, thus creating more cracks. It is 
logical to assume, therefore, that durability in concrete exposed to 
severe weathering over a long period of years is not within the realm 
of possibility unless cracks are prevented and unless the aggregates in 
the concrete and the cement paste are relatively non-permeable. 

Whether the incipient cracks, previously mentioned, will ever develop 
sufficiently to be noticeable or to start a chain of disintegration depends 
on (1) whether a steep temperature gradient is permitted to develop near 
the surface while the concrete is setting, (2) whether adequate moisture 
is available throughout the curing period, (3) whether restraint creates 
tensile stresses exceeding the tensile value of the green concrete and 
(4) whether the individual ingredients and the combined mass of cement 
paste, fine aggregate and coarse aggregate have approximately similar 
physical characteristics. Durability demands similarity of the physical 
characteristics of the ingredients of the mass to the extent that the 
bond between matrix and aggregate will not be progressively ruptured 
by the normal weathering cycles to which the concrete will be sub- 
jected. Herein lies the secret of much that is yet to be learned before 
concrete can be produced that will be acceptable under a rigid dura- 
bility specification. Concrete that has a layer of high water-cement 
ratio matrix on the underside of the aggregate particles could not be 
expected to comply with (4) above. 
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The recent report of the American Railway Bridge and Building 
Association Committee on methods of improving strength, durability 
and wear resistance of concrete includes the following statement: ‘‘We 
believe that specifications should call for a definite life concrete, say a 
3,000 Ib., 35-year life concrete, or whatever strength and life is desired, 
with the reasonable certainty that the cement and aggregate, if mixed, 
placed and cured properly under expert supervision, in accordance with 
the specifications, will give that strength and life.”’ It is hoped that this 
valuable suggestion from engineers in the field of construction, operation 
and maintenance will be noted, and that ways and means of accom- 
plishing this ideal will be devised by designing engineers charged with 
the preparation of plans and specifications for future work. 

Anyone, even with limited experience, who is at allsinterested in the 
production of durable concrete, has observed an interesting phenomenon. 
Some concrete that should have withstood the acid test of time does not, 
and as the vears pass, this concrete gradually assumes a general appear- 
ance that indicates something is wrong—that the concrete is “‘sick.’’ 
Conversely, other apparently comparable concrete structures appear to 
be as sound as when first observed. Why does this phenomenon exist? 
It may be due to one reason only (as in the case of the use of some 
argillaceous limestones), or it may be due to many reasons. 

Assuming that the cement is of the proper type and meets the specifi- 
cations; that the aggregates are structurally sound, properly graded, 
and relatively non-absorptive and possess similar physical character- 
istics; that the mix is designed for the purpose intended; that the con- 
crete is adequately cured; that little difference exists between the thermal 
coefficients of the ingredients; that the rate of gain and loss of heat is 
approximately the same for the cement paste and both aggregates; 
that there is no chemical reaction between the cement and any con- 
stituent of either aggregate; that due consideration has been given to 
the use of air entrainment; and that the construction procedure is 
such as to prevent segregation, bleeding or accumulation of high water- 
cement-ratio concrete, durability should result. If, however, one vital 
factor is lacking, durability cannot be expected for even a relatively 
few years of severe weathering conditions. This may appear to present 
a decidedly gloomy picture of the possibilities of obtaining durable con- 
crete. This picture is not intended for that purpose. It is an attempt 
to face the facts governing the manufacture of good concrete and to 
enter a plea for the same intelligent treatment in the manufacture of 
concrete that is used in modern methods of manufacturing any of the 
metals, foods, drugs, textiles and other products of the vast array of 
articles that are produced by automatic, or semi-automatic, mass 
production methods. 
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For many constructors, however, this plea represents an about-face 
to past procedures. It means careful investigation and _ intelligent 
advance planning of future work. It means plant and equipment that 
will produce the desired results economically. 


PROLIFIC SOURCES OF TROUBLE 


Ever since Duff Abrams proposed the water-cement ratio law, “too 
much water’ has borne the brunt of the criticism for non-durability 
and surface cracking in concrete. No attempt should be made to mini- 
mize this criticism for it still is and always will be valid. Time, however, 
has demonstrated that the other ingredients of concrete should receive 
an equally close serutiny. 

The so-called alkali-aggregate reaction difficulty is now being high- 
lighted and it does present a serious problem in many localities, es- 
pecially in the western part of the United States. It is extremely for- 
tunate that most of the cracking due to this reaction has occurred in 
structures located generally in the more arid and non-freezing regions. 
If these same structures had been located in humid climates, subjected 
throughout the winter to daily cycles of freezing and thawing, the 
surface deterioration rate would be many times as great as that ex- 
perienced in the arid regions. 

In a recent investigation of concrete aggregates for a high arch dam 
located in a reactive aggregate region, well graded structurally sound 
natural aggregates were found in abundance near the damsite. One vital 
factor, however, verified by tests, condemned their use in the concrete. 
This factor was the definite possibility of chemical reactivity.  lEven 
with the use of low alkali cement, the possibility of delayed chemical 
reaction and serious ultimate deterioration still existed. This was not 
an unusual instance. In fact, this condition may be typical of many 
damsites. The only logical solution in this particular problem was to 
manufacture both fine and coarse aggregate from granite of acceptable 
quality and within easy reach of the damsite. Thanks to modern equip- 
ment and methods, the manufacture of fine and coarse aggregate of 
proper grading and particle shape no longer prevents the production of 
acceptable concrete economically. 

Admittedly, alkali-aggregate reaction cracking presents a serious 
problem, but whether this reaction is the most prolific source of aggregate 
trouble is open to question. Argillaceous limestones and cherts of the 
borderline character are a serious menace to durability in many regions. 
The modern laboratory standard test procedures will not condemn 
many limestene and cherts that are capable of starting surface cracking 
and serious deterioration of concrete within a relatively few years. 
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Elimination of unsound types of these materials is not always a simple 
procedure. 


SUMMARY 


In summarizing the comments in this paper, cracks in concrete are 
mainly due to one or more of the following causes: (1) Lack of adequate 
investigation of all the ingredients involved; (2) lack of sufficient advance 
planning to obtain satisfactory results; (3) lack of teamwork in the 
human element involved in this intricate manufacturing process and 
(4) last, but by no means least, lack of teamwork (compatibility) in the 
ingredients of the concrete. 

There is no royal road to the prevention of cracks. As a suggestion 
for progress toward their partial elimination, however, the. following 
A-B-C procedure is offered for consideration: 

A. Establish approved sources of aggregate supply having a service 
record over a long period of years (50 years or more, if practicable) 
which demonstrates conclusively that with good construction practice, 
cracking will be negligible. 

B. Where new sources of supply must be used, subject the untried 
materials to comparative accelerated tests with proven materials. 
Carry these tests to destruction so that the comparative value will not 
be open to question. Include freezing and thawing, wetting and drying, 
and heating and cooling, in this comparative accelerated series of tests. 
Include all of the ingredients proposed for use in the concrete in the 
test specimens. An analysis of an aggregate supply by a petrographer, 
skilled in the selection of aggregates for durable concrete, may be all 
that is necessary to condemn the use of an aggregate. On the other hand, 
approval of any new source of supply should not be considered until a 
thorough investigation of all phases of its use has been completed. 

C. Study the design of every structure proposed for construction 
with a view towards eliminating ragged, uncontrolled, structural cracks 
by proper control of the design of the mix and the placing of the con- 
crete. Provide relief from volume change tensile stresses with designed 
cracks placed where they will not be objectionable. 

Although it would be interesting to delve into the minutiae of detail 
and the ramifications that would be necessary in ‘following through’”’ 
the procedure outlined in A-B-C, time and space do not permit. The 
necessary technique would be a red flag to many people in the concrete 
field but if the desired results are to be accomplished, facts must be 
faced and a plan of action gauged accordingly. 
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Contraction Joint Grouting of Large Dams* 


By A. WARREN SIMONDSt+ 


SYNOPSIS 


The practice of the United States Bureau of Reclamation is to build 
large dams in blocks, bounded by keyed joints to minimize cracking 
caused by shrinkage which is due to dissipation of the setting heat of 
the concreteft. After the concrete reaches its minimum temperature, 
the voids in the joints between the blocks are filled with cement grout 
under pressure to create a concrete monolith. This paper describes ex- 
periences in the development of the present grouting techniques and the 
actual process of grouting contraction joints in large concrete dams. 
Special reference is made to grouting the contraction joints at Shasta 
Dam. 


INTRODUCTION 


The use of contraction joints to control shrinkage cracks in the con- 
crete mass of large dams has become standard practice in Bureau of 
Reclamation structural design. In some of the earlier dams, fairly 
large keyways were built in blocks near the upstream face of the dam. 
After the concrete cooled to a favorable temperature the keyways were 
filled with lean concrete. With the development of the modern type of 
arch dam several decades ago, engineers realized that a more effective 
system for filling the voids between the blocks of concrete was needed 
so that the thrust of the arch could be carried more advantageously to 
the abutments. When the size of the dams increased, requiring con- 
traction joints extending in two directions to control shrinkage, the 
need for adequate grouting systems became more pronounced. The 
development of a system of block construction for large dams in which 
the blocks are bounded by a two directional system of contraction 
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joints resulted. Fig. 1 shows a plan for block construction formed by : 
two directional contraction joint system. 

Contraction joints in large dams are grouted to unite individual blocks 
into a continuous mass which, structurally, will act as an integrated 
unit. Actually the desired monolith has not been obtained in all dams 
constructed. Generally, the grouting has bonded successfully, the 
concrete of one block to the concrete of adjacent blocks. At times, due 
to unforseen construction difficulties while grouting was in progress, 
grouting of contraction joints was not completely effective and leaks 
developed through the joints after the reservoir had filled. At a number 
of dams, such as Boulder, Marshall Ford, and Shasta Dam, cores were 
drilled across grouted joints to investigate the condition of the grout 
film. In the majority of cases, dense films of grout were found well 
bonded to the concrete of adjacent blocks. Grout films varying in 
thickness from 3% in. to 1/50 in. have been found in cores drilled across 
joints. 


HISTORY OF THE BUREAU OF RECLAMATION CONTRACTION 
JOINT GROUTING SYSTEM 


The contraction joint grouting system developed by the Bureau of 
Reclamation, is one form of the embedded pipe and outlet system. Essen- 
tially it is a system of piping installed adjacent and parallel to the joint 
and connected to a series of outlets spaced at regular intervals over the 
face of the joint. Fluid grout is forced into the joint through the out- 
lets. The grout is retained in the joint by means of a flexible seal em- 
bedded in the concrete around the periphery of the joint. In common 
practice a supply header to the piping system is installed at or near the 
bottom of each joint or grouting lift. Riser pipes extend from the supply 
header along the keys of the joint to the outlets. The outlets are ar- 
ranged to serve from 60 to 100 sq. ft. of joint area each. 

The first system of this type used by the Bureau of Reclamation was 
installed at Gibson Dam, Sun River Project, Montana in 1926. The 
concrete was allowed to cool naturally and the contraction joints were 
grouted in 1930. In Gibson Dam which had a maximum height of 195 
ft., the grouting systems in some of the joints were installed with grouting 
lifts which extended the entire height of the dam. At other joints extra 
supply leaders were installed in the systems so that the resulting grout- 
ings lifts varied from 60 to 95 ft. It was possible to grout these joints 
through shorter vertical distances. The shorter grouting lift proved 
a decided advantage over the lifts extending from 175 to 195 ft. This 
fact was also proved during grouting of Deadwood Dam in 1931. The 
experiences in grouting these two dams controlled the design for the 
grouting system of Owyhee Dam completed in 1932. There the grouting 
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lift height was reduced to 100 ft. In dams subsequently constructed, 
the grouting lifts were generally 50 ft. in order to control the grout 
pressures more effectively. 

One later development was the installation of a vent system at the 
top of each grouting lift. The vents not only permitted the escape of 
air, water and thin grout from the joint while grouting was in progress. 
but they promoted a positive flow of grout through the joint. They also 
permitted observation of grout consistency at the top of the lift. Ob- 
servation of grout consistency was a distinct advantage in determining 
water cement ratios used. The first vents were grout outlets, opening 
into the joint along the top of the grout lift. Each outlet was con- 
nected to an individual pipe that extended to the downstream face of 
the dam. Later, a number of outlets were connected to a common vent 
header. In recent design, a triangular groove covered with a sheet 
metal plate has been formed in the concrete at the top of the grout 
lift to serve as a vent. 

Another development of great benefit in grouting is the installation 
of all headers on a slight grade to provide drainage. At the lowest 
points in the grouting systems, special headers were often installed to 
provide adequate drainage. In customary design, the drainage headers 
have been extended to a low point in a gallery or to a sump where the 
drainage could be collected, and pumped out. Header drainage has 
eliminated considerable plugging in the grout systems by cementitious 
or other materials being washed into contraction joints when the tops 
of the adjacent blocks were being cleaned prior to placing concrete. 


CEMENT USED IN CONTRACTION JOINT GROUTING 


The cement used in contraction joint grouting includes normal, modi- 
fied, and low heat portland cements, and occasionally special cements 
such as high early strength and oilwell grouting cements. Of these types, 
modified and low heat portland cements and oilwell grouting cements 
have been the most satisfactory. The desirable qualities of a cement 
suitable for contraction joint grouting are: sufficient fineness for grout- 
ing joints where the width of opening is small; freedom from tramp iron 
and fragments of unground clinker; sufficiently slow setting so the 
grouting system will not plug before the joints are filled. 

To produce cement sufficiently fine for contraction joint grouting, 
the Bureau of Reclamation processes cement ‘“‘on the job’”’ just before 
the cement is used by screening through mechanical screens or passing 
through an air separator. Such processing eliminates tramp iron, un- 
ground clinker and lumps due to warehouse set. For contraction grout- 
ing, 100 per cent of the cement should pass a No. 100 U. S. Standard 
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screen and 98 per cent should pass a No. 200 U. 8. Standard sereen. On 
small jobs where erection of a cement processing plant is not warranted, 
the cement should be obtained from a mill equipped with air separators. 
Cement processed by air separators at the mill usually contains less 
tramp iron and unground clinker. 


GROUTING PROCEDURE 


The ideal procedure in injecting grout into the contraction joints of a 
dam is to fill all joints from abutment to abutment to the same elevation 
simultaneously. The blocks of a dam are designed to withstand the 
reservoir water pressure at the upstream face of the finished structure; 
however, in grouting joints, the applied pressure on the block faces may 
act in directions in which the blocks may be unstable. Therefore, it is 
necessary to balance the thrust of the grout by holding water under 
pressure in the adjacent joints to prevent excessive deflection. , 


When ideal conditions exist, definite quantities of grout are injected 
into each joint consecutively in order that the joints be filled uniformly 
through small differentials in height. Repeating operations until the 
grouting lift of all joints is filled from abutment to abutment, eliminates 
excessive tipping of the blocks with the accompanying high stresses 
in the concrete. If, because of irregularities of the construction program 
or for other reasons joints can not be grouted, they can be kept open 
during grouting operations by holding water in them under pressure. 


When the grout injected into the joints reaches the top of a grouting 
lift, water is generally admitted to the grouting lift above. Water in the 
upper grouting lift serves several purposes: First, the water enables 
the grouting engineer to check for leaks past the horizontal sealing strip 
into the lift above by flushing water from the supply and return headers; 
second, the water reduces the pressure on the sealing strip caused by the 
grout below the sealing strip, thereby retarding the development of 
possible leaks; third, the water tends to spring the joint open permitting 
a more effective spread of the fluid grout in the lower lift. 


In normal grouting operations, two sets of temporary piping are 
necessary: one set to supply grout to the joints, and the second set to 
supply water to the adjacent joints when a water curtain is needed to 
balance the thrust of the grout pressure and also to supply water to the 
upper lift of the joints being grouted. In small arch dams where the 
joints are built in radial directions only, the two piping systems are 
relatively simple to install. In large dams where the joints are built in 
transverse and longitudinal directions, the necessary piping systems may 
reach extensive proportions. 
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GROUTING EQUIPMENT 


The equipment required for grouting contraction joints depends on the 
size of the dam and on the accessibility of the headers of the grouting 
systems. Experience has proven that an equipment unit consisting of 
one air driven 10 x 3 x 10-in. grout pump, one 20-cu. ft. capacity grout 
mixer and one 20-cu. ft. capacity agitator sump can meet easily the 
requirements for grouting 100,000 sq. ft. of joint area in an eight hour 
shift, if conditions are normal. In grouting contraction joints, costly 
delays caused by equipment failure were minimized by providing a 
complete standby unit of equipment, which could be placed in service 
when needed. 


PRESSURE AND DEFLECTIONS 


The pressure used in contraction joint grouting depends upon the phy- 
sical dimensions of the blocks of the dam. In general, the higher pressure 
used in grouting, the denser is the resulting grout film. The maximum 
allowable grout pressure is the pressure that the blocks of the dam will 
withstand before deflecting excessively, thus creating undesirable tensile 
or shearing stresses within the blocks. The usual allowable pressures at 
the top of a 50-ft. grouting lift vary from 25 to 60 psi. The control 
pressure is measured by the pressure gage mounted on the vent header 
at the top of the lift. 

When filling the joints, slow grouting is necessary. If the grout is 
injected intermittently in a group of joints the grout has a better oppor- 
tunity to settle in the joints, and the excess water and thin grout can be 
bled from the vent at the top of the lift. When all the joints of the 
group have been filled and when a flow of thick grout has been obtained 
at each vent, the valves on the vents are closed and the maximum allow- 
able grout pressure that the blocks will withstand is applied by injecting 
additional grout into the joint. As soon as the maximum allowable 
grout pressure is reached, the valve on the supply header is closed and 
the grout in the joint is held under pressure. As the excess water is 
slowly squeezed out of the grout into the adjoining concrete, the pressure 
at the vent drops. When this occurs, more grout must be injected into 
the joints until the maximum allowable grout pressure is again reached. 
The process is repeated until the joints hold the maximum allowable 
grout pressure about 30 min. without showing any appreciable pressure 
loss. 

Grouting operations should be governed by careful observation of the 
deflection of the blocks while grouting is in progress. Dial gages register- 
ing to 0.0001 in. are valuable, mounted across the contraction joints, 
to observe the amount of joint spreading. The magnitude of the de- 
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flection of the blocks in a dam depends upon the dimensions of the 
blocks. In general, a contraction joint under pressure, should not in- 
crease in width more than 0.02 in. at the top of a 50-ft. lift. Undesirable 
tensile or shearing stresses may develop if greater spreading occurs. 


CONTRACTION JOINT GROUTING AT SHASTA DAM 


Shasta Dam, one of the large dams recently constructed by the Bureau 

of Reclamation, is 602 ft. high and contains, approximately 6,413,000 
cu. yd. of concrete. Due to its size, the dam was designed and built 
in blocks with contraction joints extending in two directions. The total 
area of the joints, keyways neglected, was 6,052,850 sq. ft. The area 
of the transverse joints amounted to 3,464,289 sq. ft. and the area of the 
longitudinal joints, amounted to 2,588,561 sq. ft. The total quantity 
of cement required for grouting the joints was 55,217 sacks after deducting 
the estimated waste from leaks and header bleeding. Cement injected 
into the transverse joints was 30,600 sacks; into the longitudinal joints, 
24,617 sacks. 
' The joints were arranged in zones for grouting as shown in Fig. 2. 
While the ideal procedure is to start at the bottom of the dam and to 
grout each lift from abutment to abutment, this procedure was not 
possible at Shasta Dam, because construction requirements prohibited 
grouting in certain zones at the most desirable time. 

In January 1943, when the contraction joint grouting program was 
started, concrete placing was about 75 per cent complete. Final placing 
of the mass concrete was not completed until December 1944. Concrete 
placing in the spillway section was delayed because the seasonal floods 
required a large diversion channel for the river. The concrete in the 
spillway section was placed late in the construction program and, con- 
sequently, was the last concrete cooled. To start grouting in January 
1943, it was necessary to begin with the lowest available zones in the 
abutments and step up in the subsequent zones to follow the foundation 
profile. This method was followed where the grout headers were ac- 
cessible and where the concrete cooling was completed. This plan for 
grouting the abutment zones in steps was discontinued at approximately 
elevation 915, except for a few higher zones on each abutment that were 
grouted to release certain downstream areas for backfilling purposes. 
By July 1943, some of the lower zones of the spillway area were cooled 
sufficiently for grouting. By January 1944, the spillway area had been 
grouted to elevation 715; at this time, the concrete placing and cooling 
schedules were far enough in advance of the grouting to allow more 
uniform grouting, and to allow each horizontal lift to be grouted from 
abutment to abutment. There were occasions, however, when grouting 
was stepped up to higher elevations to release areas where grouting 
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might be delaying the construction program. The grouting was delayed 
in certain zones because the construction program interfered. — In- 
stallation of the 750 elevation outlet tube valves impeded grouting of this 
area for a short period. Removing considerable muck from the galleries 
as well as stripping several gallery forms to reach the grout headers 
caused as much delay and extra work as any other obstacle encountered, 


In the design of Shasta Dam, the size of the grouting zones was based 
on the total joint area that could be grouted in an 8-hr. shift by one 
unit of grout equipment that consisted of one 10 x 3 x 10-in. grout pump, 
one grout mixer, and one grout agitator. Therefore, the zones were 
limited to a maximum size of 100,000 sq. ft. of joint area; however, most 
of the zones were slightly smaller. The zones comprised three to seven 
transverse joints and the included longitudinal joints. The grouting 
systems were designed so no headers crossed the transverse joints at the 
boundaries of the zones. 


A plan of the transverse joint system is shown in Fig. 3. Grouting 
operations were controlled at several different levels. The header drains 
discharged inte galleries or inte sumps below the lower elevation of the 
lift being grouted. The grout was injected into the supply header in the 
gallery, 15 ft. below the bottom of the lift; as the grout filled the joint 
any water in the joint was forced ahead of the grout. When the grout 
filled the vent groove at the top of the lift and flowed into the vent 
return in the gallery, 15 ft. below the top of the lift, the valve on the 
vent return was closed. Periodically the valve was opened to drain 
off any water or thin grout accumulated in the vent groove. Injection 
of the grout was continued until thick grout appeared in the vent in the 
gallery 35 ft. above the top of the lift. The pressure gage for controll- 
ing the pressure applied to the grout was mounted on the vent header 
at this location. The riser pipe from the groove to the gallery above 
served as a standpipe to help maintain part of the pressure applied to the 
grout in the joint. 


The grouting systems for the longitudinal joints were in sections 
50 ft. square because of the discontinuity that resulted from the staggered 
joints in the block pattern. A typical elevation of the grouting system 
across one block is shown in Fig. 4. The grout was injected into the 
longitudinal system through the supply header and then entered each 
section of the joint through the piping system. Outlets were spaced at 
intervals along the horizontal keys. The excess water and thin grout 
were drained from the groove at the top of the lift. 


The system was so designed that alternate headers could be used in 
the event that some essential header accidentally became plugged during 
construction and could not be utilized. The plan of the longitudinal 
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Fig. 4—Typical elevation of longitudinal grouting system (downstream face of high block— 
ransverse headers not shown) 


headers is shown in Fig. 5. Normally, the grout would be injected into the 
supply header; if the supply header could not be used, the joints could 
be grouted through either one or both of the 14%-in. return headers. If 
both return headers became plugged, the 50 x 50 ft. joint sections could 
be grouted individually by injecting grout into the one-inch individual 
return headers. 


In grouting the longitudinal joints, critical areas where the pressure 
must be accurately controlled, were the partial lift joints terminating 
at the downstream face, and the joints nearest the upstream face of the 
dam. To provide accurate control for grouting such joints, separate 
grouting systems were installed for each set of joints, and the grouting 
was done at the same time the regular longitudinal joints in the zone 
were grouted. 

The vent system of the longitudinal joints is shown in Fig. 6. This 
system is arranged so that each 50 x 50-ft. section has a vent return 
to the gallery, 15 ft. below the top of the lift, and a vent into the gallery 
above. The riser pipes to the gallery above serve as stand pipes to hold 
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Fig. 5—Typical plan of grout headers for longitudinal contraction joint 
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hydrostatic pressure on the grout in the joint similar to the function of 
the vents in the transverse system. 


The grouting was done from two stationary grout plants placed one 
on each abutment downstream from block rows 31 and 56. The grout 
plants were placed in locations readily accessible to deliveries of cement, 
and so that operation of the plants would not interfere with other con- 
struction activity. Each plant contained two complete units of equip- 
ment arranged so, in event of emergency, grouting could be done with 
the standby unit. As grouting progressed to smaller zones at higher 
elevations, small, one unit grout plants, were installed at each abutment. 


Grout was delivered to the headers of the grout system through 1%-in. 

supply piping which extended from the grout plant through the galleries 
to the zone being grouted. Pumping the grout, opening and closing the 
control valves on the headers, and regulating the pressure was co- 
ordinated by signal lights, and supplemented by a portable telephone 
system. 

During the first year of contraction joint grouting, January 1943 to 
February 1944, normal portland cement was used exclusively. This 
cement tended to set too fast and caused considerable trouble by plugging 
grout connections and headers. The waste grout on the gallery floors 
and in the gutters was hard to wash off, and, if not disposed of immedi- 
ately, had to be cleaned up by shovels instead of by washing. Low heat 
and modified cements were used after February 1944 and both types of 
cement were more satisfactory than normal portland cement. All 


cement used for contraction joint grouting was processed ‘‘on the job” 


by passing it through an air separator. 

The concrete in Shasta Dam was cooled artificially. When the con- 
traction joints were grouted, the observed temperatures below elevation 
765 varied from 53.8 to 58.0 F. From elevation 765 to elevation 865, 
the temperatures increased gradually from nearly 54 to almost 60 F. 
The temperature of the concrete continued to increase as the elevation 
increased. At elevation 965, the temperature was approximately 63 
F. in the center of the dam and slightly higher nearer the exposed faces. 
Artificial cooling of the concrete was discontinued at elevation 1010. 
The top lift of the transverse joints was grouted without the advantage 
of artificial cooling. Therefore it was considered important to arrange 
the schedule of grouting so that the top lift of the joints of the dam would 
be grouted during the colder months. The top lift of the transverse 
joints was grouted satisfactorily during February and March 1945. 

In grouting a zone, the first step generally, was to complete all pipe- 
fitting necessary for injecting grout into the supply headers and to 
complete all pipefitting necessary for filling with water the system above 
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and adjoining the zone to be grouted. The day preceding grouting, the 
joints were washed by forcing water and compressed air through the 
grouting systems until the effluent at the drain headers and vénts ap- 
peared clean. A check was made during the washing operations to 
determine whether any of the headers were plugged or partially plugged 
and whether the systems were operating as planned. After cleaning, 
the joints were filled with water and placed under pressure to determine 
the extent of leaks, if any. In most cases, the leaks were calked with 
lead wool immediately after the water test so that the grouting could 
proceed without interruption. , 

Grouting a zone was started usually at the beginning of day shift 
so the last grout would be pumped by early afternoon. The grout was 
pumped into the contraction joints in batches, each batch containing 
five sacks of cement. For the first batch in each joint a grout mixture 
of 2:1 (w:c) by volume was used. The 2:1 mix was followed with batches 
of 1:1 grout mix. When the joints were filled approximately 75 percent, 
the grout mix was changed to 0.8:1. This general practice was varied as 
grouting conditions dictated. Grout was*injected into each joint in 
established sequence to keep the grout level in each joint at the same 
approximate elevation and to allow time for settlement. Occasionally 
joints with a smaller area were bypassed in the grout injection cycle. 
In zones containing a large number of joints the rate of injection (pump- 
ing speed) was increased to prevent the headers or joints from plugging 
vaused by stiffened grout. Partial plugging of headers and vents was a 
frequent experience when normal] portland cement was used. With the 
use of low heat and modified cements, this trouble was largely eliminated. 
In the larger zones, the average maximum pumping speed was 150 sacks of 
cement per hr. 

All return and vent headers were bled at regular intervals to allow 
the water and thin grout to escape from the system. When thick grout 
was obtained from the headers, outlet valves were closed and a slight 
amount of pressure was built up in the vents. Each joint was allowed 
to set for an indefinite period and the vent header was opened again to 
release entrapped air and water. After bleeding any air or water from 
the joint, grout was again injected until a maximum pressure of 40 psi 
registered at the vent header. If uncontrollable leaks developed in a 
joint, so that pressure could not be built up at the vent, thick grout 
was maintained in the vent to keep the grout in the joint under hydro- 
static pressure from the head of the grout in the riser pipe. Water was 
admitted to the lift above which was flushed periodically to keep that 
system clean. 

Dial gages registering to 0.0001 in. were used to measure the opening 
and closing of joints when grouting was in progress. These gages were 
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’ 
mounted across the transverse joints at the vent header elevation in the 
gallery 35 ft. above the top of the grouting lift. Readings recorded at 
regular’ intervals determined maximum and final deflection. At several] 
locations where the transverse galleries crossed the longitudinal joints, 
gages were mounted across the joints. 

When grouting a group of joints, the adjacent transverse joints were 
kept full of water that acted as a cushion and kept the grout systems 
free of grout should grout leak from the joints being grouted. The head- 
ers of the grout systems in the zone above, which were connected to the 
water supply system, were flushed regularly to detect any grout leaks 
around or through the sealing strips. All grout leaking into the systems 
not being grouted was washed out before the grout could set and foul the 
systems. Grout leakage was attributed to defects at the metal sealing 
strips bounding the joints or to cracks in the concrete at the top of the 
grouting lift. 

After grouting was completed, cores were drilled across some of the 
joints to determine the condition and quality of the grout film in areas 
where leaks or other difficulties had been experienced. In general core 
drilling proved the grout films were hard, dense, and of good quality. In 
the cores obtained, the thickness of the grout film was about | 16 in. 
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Discussion of a paper by A. Warren Simonds: 


Contraction Joint Grouting of Large Dams* 
By WALTER H. PRICE and AUTHOR 


By WALTER H. PRICET 


This discussion is presented as supplemental information to Mr. 
Simonds’ paper. It describes tests which were made in the laboratories 
of the Bureau of Reclamation to determine the minimum joint opening 
which can be grouted and the efficiency of grouted joints in transmitting 
stresses. 


A concrete cylinder 5 ft in diameter and 7 ft high with a vertical 
joint through its center was employed in determining the minimum joint 
opening that could be grouted. The joint width was set by spacing shims 
of the desired thickness over the face of the joint area before bringing 
the halves of the cylinder together and installing metal hoops around the 
cylinder (Fig. A). A grout stop was provided along the periphery of the 
joint. Grout was pumped into the joint through an opening near the 
bottom and flowed from the joint from an opening near the top. The 
tests showed that it was possible to grout a joint having a width as small 
as 0.005 in. with cement screened through a 200 mesh sieve. Complete 
coverage of the joint area was not always obtained with this small open- 
ing, and pressures as high as 500 psi were required to force 0.75 water- 
cement ratio grout through the joint. It was indicated that a minimum 
opening of about 0.008 in. is required to provide reasonable assurance of 
obtaining good coverage with cement grout passing a 200 mesh sieve. 
The average width of contraction joint openings in dams at the time of 
grouting is about 0.05 in., but much smaller openings have been grouted, 
as mentioned in Mr. Simonds’ paper. 


The efficiency of plane and keyed grouted joints in transmitting com- 
pressive loads was determined by testing 10 x 25-in. cores with joints 
running at an angle of 45 deg. to the direction of the load (Fig. B and C). 





*ACI Journat, Feb. 1947, Proc. V. 43, p. 637. 
TMaterials Engineer, Bureau of Reclamation, Denver, Colo. 
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der used in determining minimum widt 


Fig. A (left)—5 ft x 7 ft split concrete cyte. 
f 
j oint which could be grouted F 





Some of the cores failed in the concrete outside the joint, as shown in Fig. 
D. The strengths of these jointed cores were compared with those of un- 
jointed cores of the same size. The jointed blocks from which the cores 
were drilled were formed by bolting two triangular sections together to 
'form a block 25 in. square and 48 in. high (Fig. E and F). Six blocks 
were made with plane joints, three with keyed joints, and three with no 
joints. The joint width was set at 0.05 in. Blocks in each series of tests 
were grouted at 10, 30 and 50 psi with a 0.67 water-cement ratio grout. 
‘Three cores were drilled from each of the jointed blocks and six from 
each of the unjointed blocks. 


- ‘Table A shows the results of tests made on cores drilled from the first 
set of three jointed blocks and one unjointed block. The low efficiency of 
the joint grouted at 50 psi is believed due to the rubber cement used to 
hold paper on the face of the first half of the block to prevent sticking 
when the second half was cast against it. The rubber cement could not 
be entirely removed after the blocks were separated and before resetting 
for grouting. Thin sheet metal was used for breaking bond in subsequent 
castings. If this 50 psi joint were disregarded the average efficiency of 
these joints would be 85 percent. 


Voids amounting to as much as 30 percent of the joint area were found 
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Fig. B (left)}—Plane jointed cores—note void near center of core on left 
Fig. C (right)—Core drilled through grouted keyed joint 


in the grout film of this first set of cores even though an effort had been 
made to secure a completely filled joint by periodically opening the grout 
outlet at the top of the joint to allow water and thin grout to escape 
during the 30-min. period while the pump pressure was being maintained 
(Fig. G). 

Before casting the second set of blocks, the causes of these voids 
were investigated by observing the behavior of the grout in a 0.05-in. 
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Fig. D —Plane and keyed 
jointed cores which failed 
toy concrete outside the 
oint 
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TABLE A—RESULTS OF GROUTED JOINT TESTS 
First Set: 10 x 25-in. cores; plane joint at 45 deg. angle to direction of load 
Age in days 
Grout | Breaking | Void free 
Core To Bottom pressure, | strength, | area of Joint 
No. half half Grout psi psi, com- | grout, efficiency, 
pression | percent | percent 
A-1 63 60 28 50 2,670 93 60 
B-1 63 60 28 30 4,190 95 95 
C-1 63 60 28 10 3,220 70 73 
Average* ai 84 
D-1 60+ 4,360 | lo = 
D-2 4,460 
Average block D—unjointed cores 4,410 Seven. 
A-2 124 121 89 50 1,985 9 | 45 
A-3 128 125 93 50 2,185 92 | 50 
B-2 125 122 90 30 3,430 9 | 78 
B-3 127 124 92 30 3,545 100 81 
C-2 | 125. 122 90 10 3,470 100 79 
C-3 | 126 123 91 10 4,475 100 102 
Average* 85 
D-3 124f 4,710 
D-4 4,640 
D-5 4,150 
D-6 4,100 
Average block D—unjointed cores 4,400 





*Does not include cores from Block A—50 psi. 


6 in. x 12 in. control cylinders 
tAge of cores when tested. 











Age, Number Compressive 

days tested strength, psi 
28 8 4,705 
5,250 


60 | 8 





wide space formed by bolting a reinforced transparent face on a block of 
concrete (Fig. H). Observations of the grout through the transparent 
face showed that the grout began to solidify first along the edges of the 
space and that opening of the outlet to allow water and thin grout to 
escape kept a channel open from the bottom inlet to the top outlet. A 
few minutes after pumping was stopped the cement began to settle and 
water pockets began to form. These water pockets were eliminated by 
providing a chamber above the joint into which the separated water 
could flow and by maintaining a constant pressure on the joint through a 
grout-filled pressure chamber for at least one hour. 

The information gained from the tests on the transparent model was 
applied in obtaining complete coverage in the grouting of the second 
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Fig. F—Two triangular blocks similar to that 
shown in Fig. E were bolted together to form 
assembled block. Grout pressure chamber 
is at right of block and chamber into which 

ing water could collect is shown at top 





Fig. E—First half of keyed 
jointed block with reinforce- 
ment of second half in place. 
Reinforcement was placed so 
cores would not intercept 
bars. The keys are covered 
by thin sheet metal to pre- 
vent bond and facilitate sep- 
aration of first and second 
half before re-setting to de- 
sired joint thickness for grout- 
ing 
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Fig. H—Transparent face used to study behavior 
of grout in joint 





set of plane joints and the set of keyed joints. The results of tests on 
cores drilled from these blocks are shown in Tables B and C. 

If the void areas in the grout film of the first set of plane joints, Table 
_A, were subtracted from the area of the cores, the joint efficiency of the 
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TABLE B—RESULTS OF GROUTED JOINT TESTS 


Second set: 10 x 25-in cores; plane joint at 45 deg. angle to 
direction of load 


Age in days 





| Grout Breaking | Joint 

Core | Top Bottom pressure, | strength, psi, | efficiency, 

No. half half Groutt | psi | compression | percent 

—— - | - | — 

F-1 | 193 186 150 | 50 4,250 79 

F-2 4,240 79 
F-3 4,970 | 92 

a \ { sal | a 
Average block F : 4,490 83 
ei 199 187 150 30 4,630 86 
G- 1,180 78 
G3 | 4,530 | , 84 
Average block G 4,450 83 
a. 6} (210 195 | 150 1 | 64250 | 7] 
H-2 | | | 4,560 | 85 
H-3 | | | 4290 | 80 
Average block H 4,270 81 
Average for 3 blocks ‘ 1.440 82 
Control cores 

ma «(| 180* | 5,630 

J-2 5,090 

J-3 5,810 

J-4 5,360 

J-5 5,250 

J-6 5,110 
Average block J—unjointed cores 5,380 





*Age of cores when tested. : 6 in. x 12 in. control cylinders 
Grout film in joint was free of voids. - “a fw . 





Age, Number Compressive 
days tested strength, psi 
28 | 6 3,960 
90 | 6 5,170 
180 12 5,530 


solid area would average 92 percent as compared to only 82 percent for the 
void-free second set of cores. It is indicated from the 6- x 12-in. cylinder 
tests that the strengths of the unjointed cores with which this second set 
was compared were higher than might be expected, which would result 
in a low efficiency for this set. The average efficiency of the keyed joints 
is above 100 percent, but here again it is indicated that the strengths of the 
unjointed cores with which they were compared were below the expected 
average. With the possible exception of the low values obtained with the 
10 psi pressure in the keyed joint, the grouting pressure seemed to have no 
effect on the strength of the joint. 
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TABLE C—RESULTS OF GROUTED JOINT TESTS 
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Third Set: 10 x 25-in. cores; keyed joint at 45 deg. angle to direction 
of load 
———— 
Age in days | 
Grout Breaking Joint 
Core To Bottom pressure, | strength, psi, | efficiency, 
No. half half Groutt psi compression percent 
K-1 174 166 90 | 50 4840 | 119 — 
K-2 | | 4300 | 106 
K-3 | | | 4990 | 123 
—— — os ee as ae  ceciudinnnendisneidatenahiaianiniigs woansmdienaiintiin 
Average block K 4,710 116 
co Scilla etibleninis Sete peer 
L-1 137 126 90 30 | 4,920 121 
L-2 4,790 118 
L-3 4,560 115 
Average block L 4,760 1g 
M-1 197 186 10 | 10 | ~ + 3,440 n 
M-2 3,900 96 
M-3 | | 3,820 94 
Average block M 3 '- 3720 92 
Average for 3 blocks 4,400 109 
Control cores 
N-1 180* | 3,950 
N-2 3,950 
N-3 | 4,000 
N-4 3,900 
N-5 4,240 
N-6 | 4,350 
en = = | shistnntintiiie — 
Average block N—unjointed cores 4,060 
*Age of cores when tested. 6 in. x 12 in. control cylinders 
tGrout film in joint was free of voids. 
Age, Number | Compressive 
days tested | strength, psi 
ti t ss | @ee-oes 
90 | 8 | 5,660 
120 8 5,330 


Cores 134 in. in diameter, which were drilled through grouted contrac- 
tion joints at Marshall Ford Dam by Mr. Simonds and which were tested 
with the joint at an angle of approximately 60 deg. to the direction of the 
load, give strengths ranging from 70 to 85 percent of the unjointed cores 
of the same size and age. 


In considering these results it should be borne in mind that shrinkage 
of the blocks in the dam after the contraction joints have been grouted 
may cause them to open and reduce to zero the ability of the plane 
type joint to transmit shearing stresses. 


Laboratory tests made on con- 
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crete bars sealed in watertight metal containers indicate that an internal 
shrinkage may occur in the blocks of a dam, particularly where portland- 
pozzolan cement is employed, apart from the contraction caused by 
cooling of the mass or external drying. This internal shrinkage may 
amount to more than 0.01 percent of the block width and is equivalent 
to the contraction caused by a 20 F drop in temperature. 


Other tests which were made to determine the effect of admixtures, 
finely divided filler, water-cement ratio, fineness of cement, and tempera- 
ture on the properties of grout will be discussed in a separate paper. 


AUTHOR'S CLOSURE 


The discussion submitted by Mr. Price describes the results of lab- 
oratory investigations of grouted joints. It is realized that laboratory 
conditions and field conditions often vary considerably; the grouting 
in laboratory tests should approach ideal conditions whereas the grouting 
during construction may occasionally consist in doing the best possible 
under existing conditions. 


Mr. Price’s discussion emphasizes two important results of laboratory 
tests: first, the minimum width of joint which it is possible to grout 
with cement passing a 200-mesh sieve, and second, the efficiency of 
grouted joints. The tests have shown that it is possible to grout effec- 
tively a joint having a width of 0.005 in. using screened cement. The 
grouting of the joints at most dams is done when the width of the joints 
is somewhat greater than this, generally varying from about ]¢ in. to 
about 1% in. 


The tests of efficiency of plane and keyed joints have yielded infor- 
mation which should be of value to designers. It is interesting to note 
that a fairly high efficiency of a grouted joint exists when there is a 
void in the grout film of the test specimen. In grouting joints, occasions 
have arisen when, due to accidents, plugged headers, or other emergencies, 
it has not been possible to fill the joints completely. In this event, it 
has been necessary to drill holes along the joint and to grout through 
these holes. Such grouting may or may not cover the entire area of the 
joint. The efficiency of a joint grouted under those conditions is there- 
for indeterminate. The results of the laboratory test of the specimen in 
which the area of the joint covered by the grout film was not 100 per- 
cent, indicate that there may be considerable strength developed in a 
joint which is only partially grouted. 

The efficiency of grouted joints is expected normally to vary from 70 
percent to 80 percent of plain concrete. In observing joints in completed 
dams, a wide variety of conditions have been found. Where shrinkage of 
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the mass concrete occurs after the grouting program has been completed, 
the joints frequently open sufficiently to break the bond of the grout 
film from the face of one block. At some dams, joints have been ob- 
served where the grout film has been bonded sufficiently well as to resist 
the shrinkage stresses and cracks have developed in the concrete which 
are roughly parallel to the joint. 


The grouting of joints in a dam is a specialized process, and any 
additional information pertaining to this subject is welcome. Mr. 
Price’s discussion is a valuable contribution to this paper. 
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Repair of Concrete Chimneys With a Minimum of 
Interference With Operation of Boilers* 


By W. M. BASSETT 
and M. N. CLAIRt 


Member American Concrete Institute 


SYNOPSIS 


‘ Demolition of a concrete chimney at public utility plant provided an 
opportunity to study the relation of SO; content of the cross section of 
the shell to the condition of the concrete. This data used to supplement 
physical examination in determining necessity for repair of two other 
chimneys at same plant. Wartime conditions required repair without 
plant shutdown. Methods employed and results obtained are described 
in detail. 


Three concrete chimneys of approximately 175 ft. height above the 
breeching, were built at the Webster St. plant of the Worcester County 
Electric Co. in 1910. The spalling and cracking of the exterior of these 
chimneys became sufficient to cause concern about 1935. Maintenance 
treatments included sealing of the surface of chimney 1 with a bitu- 
minous waterproofing on the upper half and covering the lower half 
with a plastic cement or ‘dum dum’’. Chimney 2 was wrapped with 
galvanized wire mesh to retain spalled pieces. Chimney 3 was cut down 
in height in 1940 incidenfal to the installation of a cinder catcher. Chim- 
neys 1 and 2 were encased in 5 in. thick reinforced concrete jackets in 
1943. 


CHIMNEY 3 


Examinations of the chimneys were made each fall and spring with 
field glasses as part of the program of examination of structures. .When 
the extent. of the cracking and spalling became sufficient to warrant 
~ *Presented at 42nd ACI Convention, Feb. 20, 1946. 


tEngineer of Structures, New England Power Service Co. 
tVice-Pres., The Thompson & Lichtner Co., Inc., Brookline 46, Mass. 
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closer examination, the disintegration was investigated by a steeple- 
jack, using hammer and chisel. In the case of chimney 3, it was thought 
that the demolition would provide an excellent opportunity to study 
the effect of flue gases and the extent of the disintegration. Samples 
were taken of the concrete during the demolition of the upper portion 
and analyzed to determine the effect of the flue gases. A radial slice 
¥ in. thick was cut from each sample as typical of the cross section, 
Pieces were cut from each slice so as to be representative of the 1% in, 
thickness next to the inside of the chimney, of the third point of thick- 
ness, of the two-thirds point of thickness and of the outside of the chim- 
ney. These samples were ground to pass a No. 60 sieve and analyzed 
for SO; content, corrected to insoluble material, non-volatile basis, in 
general conformity with standard A.S.T.M. methods for analysis of 
cement. Table 1 gives the data from these analyses and Table 2 presents 
the results of physical examination of the samples. There was found a 
very rapid decrease of SO; content from the face to the one-third point 
and more gradual from there to the exterior surface. The concrete 
below the brick lining at 85 ft. height contained definitely less SO,. 
The relatively high SO; at 53 ft. was explained by the presence of a 
crack found in the lining at that level. 

Assuming that the SO; content of normal cement was 2.0 percent, and 
the cement content of the concrete was 6 bags per cu. yd., then an SO; 
content of the concrete in excess of 0.3 percent indicated action by flue 
gases. The entire cross section of the chimney shell in some cases had 
SO; contents in excess of 0.3 percent, evidence of the flue gas action 
extending through the entire section. 

The action of flue gases on concrete was assumed to be principally 
due to the action of sulfurous acid. The sulfur in the fuel com- 
bined with oxygen to form sulfur dioxide or sulfur trioxide. The oxides 


TABLE 1—SO; CONTENT OF CONCRETE OF SHELL OF CHIMNEY 3 


: ‘ 
SO; content in cross section 


Height — — - 
above Inside One-third | Two-third | Outside 
base of chimney, | face, point, point, face, 
ft. percent percent | percent percent 
200 | 7.3 0.4 0.3 0.3 
185 8.3 1.1 0.7 0.7 
170 5.7 0.6 0.4 0.5 
155 6.1 A] 0.7 0.7 
140 7.1 1.2 0.3 0.4 
125 8.6 ee 0.4 0.3 
95 8.5 0.7 0.2 0.3 
80 2.2 0.3 0.2 0.2 
65 1.4 0.4 0.2 0.2 
53 4.0 0.2 0.2 0.2 
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combined with moisture to form sulfurous acid and this reacted with the 
calcium aluminates of the cement of the concrete resulting in calcium and 
aluminium sulfates. 

The physical examination disclosed that concrete was sound, hard, 
free from cracks, and in very good condition except at the inside where 
disintegration extended into the concrete from 14 to 34-in., and on the 
exterior where the concrete showed surface craze cracking. The dis- 
integration generally, but not closely, followed the trend of the SO; 
content. The aggregates were siliceous and granitic sand and gravel 
and showed no signs of attack or disintegration. 

The comments of the engineer in charge of demolition were as follows: 
“All samples seemed to be good sound concrete. None contained any 
reinforcing. All the concrete that was protected by the brick lining was 
more difficult to break up with hammers. There was a pronounced ring 
to the blows of the hammers. The wire mesh and vertical rods used for 
reinforcing were in excellent condition. All horizontal construction 
joints were cracked clear through.” 

Chimney 3 was intermittently used and the temperature records 
indicate a maximum of 575 F and a minimum of 350 F with an average 
of 400 F during operation. This chimney, like the other two, serviced 
bituminous coal fired boilers. 


CHIMNEY 2 


An examination of chimney 2 in the spring of 1943 disclosed the 
condition shown in Fig. 1, and immediate repairs were considered nec- 
essary. The requirements for power at that time prohibited a shutdown 
for repairs. It was decided to encase the chimney with a reinforced 
shell of gunite or of concrete 5 in. thick and of a strength to be self- 
supporting and take all wind loads. Examination of the foundation 
materials and analysis of load intensities indicated that the soil could 
take the additional loadings. The details of the jacket are shown in 
Fig. 2. Analysis of a sample of the concrete from the outside two in. 
of the shell at elev. 169 showed an SO; content of 0.78 percent, indicating 
considerable action of the flue gas. 

As it was necessary to proceed with the least possible interference with 
plant operations, considerable thought was given to the question of the 
effect of the temperature of the chimney on the concrete which would 
be placed against it. Preliminary computations indicated that for 
maximum temperatures in the chimney of 575 F, the outside of the old 
shell would be 252 F above the lining and 154 F in the lined area. Ex- 
perience gained in steam curing of concrete indicated that it would be 
satisfactory to allow concrete to be subjected to 150 F immediately 
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after placement, but that the temperature should not exceed 180 F 
before two hours or 212 F before four hours. To keep within such limits, 
it was necessary to obtain the close cooperation of the plant operating 
personnel and to regulate concreting operations to correspond with the 
normal temperature variation under plant operation. The normal 
evele of operation of the plant consisted of a period of banked fires 
from 12 midnight to 6 a.m., load increase 6 a.m. to 9 a.m., peak loads 
9am. to 11 p.m., load drop 11 p.m. to 12 midnight. On Sundays, 
fires were banked 12 midnight to 6 p.m. load increased 6 p.m. to 11 p.m. 
and load drop 11 p.m. to 12 midnight. The plant personnel were both 
interested and cooperative and assisted not only in regulation of plant 
operations but also took the readings of the flue temperatures with 
thermo-couples, and the temperatures of the outside of the old concrete 
shell previous to and after placement. The temperatures of the outside 
of the new jacket and of the new concrete were taken by the field en- 
gineers, using thermometers. The lack of sufficient thermo-couple 
equipment limited the data that could be obtained but the information 
that was obtained was extremely valuable in helping to control tem- 
perature conditions. The data for a 24-hr. period are plotted in Fig. 3 

The first step in construction was the erection of the working platform 
which was hung from the top of the chimney. The sloping mortar top- 
ping on the base was then removed to provide the jacket with a clean 
horizontal bearing. The galvanized mesh was removed to the height 
of a lift and all soft and spalled concrete was cut out by hand hammers, 
chisels and wire brushes. The surface was washed with a steam hose 
and the reinforcing steel was placed. Sectional steel chimney forms, 
in sheets 35 in. and 36 in. wide and 7 ft. 10 in. high, reinforced by 3- x 2-in. 
tee ribs, were set up, after‘which concreting proceeded. Normally con- 
creting started between 9 and 10 a.m., and a 7 ft. 6-in. lift was com- 
pleted between 1 and 2 p.m. 

The concrete was mixed a minimum of 1% min. per batch in a one 
bag mixer using a 7 bag per cu. yd. mix. The first batch of each place- 
ment contained 44 bag of cement, 1% cu. ft. of sand and % cu. ft. pea 
gravel. Measurements were by volume using calibrated containers with 
adjustments for moisture variations and aggregate gradations. De- 
termination of gradations, organic content and moisture content were 
made before each day’s work started. Typical samples were taken of 
the concrete for test at intervals to provide a record and check on field 
work. The maximum allowable slump was 61% in. and the water con- 
tent was limited to a maximum of 5.25 gal. per sack. In the section 
above the lining where temperatures were high, the water content 
was increased to 5.5 gal. per sack to compensate for the rapid evapora- 
tion. Every effort was made to keep materials, properties and pro- 
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cedure uniform so that the concrete would be of uniform quality, readily 
placed and yet show no free water at the top of the placement. 

The sand was a silica and granite with a wt. per cu. ft. dry and rodded 
of 105 lb., sp. gr. of 2.63, and average fineness modulus of 2.80. The 
gravel was a quartzite and granite with a max. size of 100 percent passing 
a l-in. sieve, wt. per cu. ft. dry and rodded of 103 lb., sp. gr. 2.65, and 
an average fineness modulus of 6.90. It was intended to use a gravel 
with max. size of 34 in., but as this could not be readily obtained, the 1- 
in. size was used and no difficulty was encountered. 

The cement was a standard brand meeting the requirements of the 
A.S.T.M. specification EA-C150 for Type II cement. 

The concrete was hoisted in a steel bucket, 24 in. high and 15 in. in 
diameter, and dumped into place to bring the concrete up in 6 in. layers 
around the circumference. The concrete was thoroughly puddled and 
spaded with hand spades and then covered so that work could proceed 


on cleaning the concrete above in preparation for the next placement. ° 


Two men placed concrete and one man spaded. On the next day, the 
forms were loosened, cleaned, oiled and set up for the next placement of 
concrete. Curing of the concrete by water spray started immediately 
after removal of forms. Intermittent spraying was used until a per- 
forated ring spray was made and used. Excellent continuous wet 
curing was obtained with the ring spray, overcoming the effect of the 
temperature of the chimney which caused rapid drying whenever the 
spray was shut down. It was necessary to discontinue spraying during 
placement of concrete. 

As the work progressed upwards on the chimney, it was found that at 
a height of about 130 ft. above the base, the old concrete was of de- 
cidedly lower strength and spalled readily, leaving the shell in many 
places not over 21% in. thick. It was decided therefore to leave the 
wire mesh in place, to remove the loose particles through the wire and to 
increase the wall thickness gradually to 7 in. at the underside of the 
existing head of the chimney which was in a sound condition. 

The new concrete jacket, which was started about Sept. 1, 1943, 
and completed about Oct. 1, 1943, showed no cracking until approxi- 
mately two weeks after placement was completed. The first cracks were 
in sections 15 and 16, and within the next month additional cracks 
formed as shown in Fig. 4. These cracks were very fine and hard to 
detect. The cracks in the old chimney had not been located in detail 
so it was not possible to determine whether they had an effect in the 
formation of new cracks. Careful study of the data on temperatures 
and curing conditions indicated that to minimize such cracking, the 
stack temperatures should be kept as uniform as possible, that the 
horizontal reinforcement should be increased in the areas of high tem- 
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perature and that the wet curing should be maintained even more 
completely than had been done. 


CHIMNEY 1 


Despite the lateness of the season after the completion of chimney 
2, it was decided to proceed with the repairs of chimney 1, making use 
of the experience gained from chimney 2. Work was started October 
13, 1943. The condition of the chimney before repair is shown in Fig. 5. 
The reinforcement and details of the encasing concrete were similar to 
those for chimney 2 (Fig. 2). A pneumatic chipping hammer was 
employed in addition to hand tools to aid in removal of soft concrete, 
paint and ‘“dum-dum.’’ The complete cleaning of the surface was 
found to be impractical within the time available and therefore only the 
softer material was removed. Generally between 20 and 60 percent of 
the surface of a lift was thoroughly cleaned and the remainder less com- 
pletely. As the air temperatures were becoming low, steam lines were 
installed to keep the aggregate and water for the mixtures from freezing. 
The procedure in mixing, placing, forming and curing was as described 
for chimney 2. Thermocouple and temperature readings were taken as 
before (see Fig. 6). 

No trouble was encountered in the construction except that the 
cooler weather affected the stripping, and special care had to be taken 
not to tear the surface of the concrete when removing the forms. On 
Nov. 1, 1943, about 26 hr. after the placement of section 11 (elev. 176.5 
to 184.0) two fine vertical cracks appeared in the southwest face. The 
boilers using chimney 1 were down on Oct. 31, 1943, for cleaning of flues 
when the concrete of section 11 was placed, and the increase in tem- 
perature, when the boilers were put back into use the next day un- 
doubtedly caused the cracking. The cracking increased slightly there- 
after and the final condition is shown in Fig. 7. The jacket was com- 
pleted on Nov. 17, 1943. 

The concrete of both chimneys was of excellent density, strength and 
appearance and the only defects were the fine cracks already noted and 
a few pock marks due to air and water bubbles such as is usual with steel 
forms. Table 3 gives the data from tests of specimens of the concrete 
cast during construction and cured under 70 F moist conditions, except 
for one dry period in transit to the testing laboratory. Experience 
sained in this construction indicated that it was entirely feasible to 
successfully encase a concrete chimney without interfering seriously 
with the operation of the boilers. It is also concluded that cracking 
of the enclosing jacket can be kept to a minimum or entirely eliminated 
by keeping the flue temperature uniform during the period of concrete 
placement, and for a reasonable curing period thereafter. If the boiler 
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TABLE 3—COMPRESSIVE STRENGTH OF STANDARD 6 IN. X 12 IN. SPECIMENS 
MADE FROM CONCRETE USED IN JACKETS FOR CHIMNEYS 1 & 2 


Water-cement | Strength, psi, at 
ratio, 

Chimney gal/sack Slump, in. 7 days 28 days 
2 5.25 534 2370 4370 
2 5.25 6 2260 4330 
2 5.50 614 2980 4670 
2 5.50 6% 2660* 4510 
1 5.25 64% | 1840 | 4380 
l 5.25 6 2230t 4550 
l §.25 534 2060 t 4500 
l 5.25 §34 2520 4180 


*) days. 
t8 days. 


must be shut down or operated so that the temperature of the shell 
will exceed 200 F within 4 hr. after placement of the concrete, the start 
of concreting should be delayed. So that the concrete will be in com- 
pression to close cracks when the boilers are shut down, concreting 
should be done with the chimney concrete at as high a temperature 
as is allowable, which in our opinion is 150 F. 

The chimneys were repaired by the Consolidated Chimney Co. ac- 
cording to plans made by the New England Power Service Co. Opera- 
tion of the power station was under the direction of E. H. Perry, Supt. 
of Plant of the Worcester County Electric Co., Webster Street Power 
Station. The Thompson & Lichtner Co., Ine. acted as consultants, 
supervised the construction and made all tests for the New England 
Power Service Co. in charge of the work. 
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CLASSIFICATION OF WATER IN SATURATED PASTE 
ACCORDING TO MEAN SPECIFIC VOLUME 


The total water content of a saturated sample of hardened paste has 
already been classified according to its evaporability, i.e., into evaporable 
and non-evaporable water. We have seen also that the evaporable 
water can be subdivided into gel water and capillary water on the basis of 
vapor pressure data. The following discussion will show that the same 
conclusion can be reached on the basis of the mean specific volume of the 
total water. 

The non-evaporable water is regarded as an integral part of the 
solid phase in hardened cement paste. In becoming a part of the solid 
material some or all of it may have lost its identity as water. Never- 
theless, the absolute volume of the solid phase can be considered as being 
equal to the original volume of the cement plus the volume of the non- 
evaporable water. If the absolute volume of the original cement, the 
absolute volume of the whole solid phase, and the weight of the non- 
evaporable water are known, a hypothetical specific volume can be 
assigned to the non-evaporable water such as will account for the known 
volume of the solid phase. This hypothetical specific volume is known 
to be less than 1.0; that is, the non-evaporable water occupies less space 
than an equal volume of free water. Moreover, the physically adsorbed 
part of the evaporable water also has a specific volume less than 1.0. 
Thus, in any given specimen the mean specific volume of the non- 
evaporable and adsorbed water is less than 1.0. 

On the other hand, any capillary water present will either be in a 
state of tension or under no stress at all. If the specimen is not saturated, 
so that the vapor pressure of the contained water is less than p, but more 
than about 0.45 p,, capillary water will be present and under tension. 
(The magnitude of the tension is theoretically equal to the potential 
swelling pressure. See eq. (39), Part 4.) If the paste is saturated, so 
that p = p,, the capillary water will be under no tension. Hence, when 
capillary water is present, but the paste is not saturated, the specific 
volume of the capillary water will be greater than 1.0, and if the specimen 
is saturated, the specific volume will be 1.0, except for a slight effect of 
the dissolved salts. 
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Thus, we can divide the total water content of a saturated specimen 
into two categories: 

(1) Water that has a specific volume less than 1.0; 

(2) Water that has a specific volume equal to 1.0. 

The part of the total water in a saturated paste that has a mean 
specific volume less than 1.0 will be called compressed water for want of 
a better descriptive term. As applied to adsorbed water, the term is 


‘appropriate, if used with the reservations discussed in Part 4. Applied 


to non-evaporable water the term can hardly be taken literally. It does, 
however, fit the fact that non-evaporable water occupies less space as a 
part of the solid than it does when free. 

The weight-composition of the total water in a sample of saturated 
paste can be expressed as follows: 

ie ie eS eh oe PD bn eae Wes 2 Sa neti Sake (1) 
where 

wa is the weight of the compressed water, g and 

w, is the weight of the capillary water, g. 

The volume of the total water can be expressed as 
“eS ee Oe pee ere ee \ oe Aca Re .. (2) 
where vz is the mean specific volume of the compressed water, and 
v, is the mean specific volume of the total water. ° 
The specific volume of the capillary water is assumed to be 1.0. 
Since w. = w: — Wa, eq. (2) can be rewritten 
Wa C0. = Gat Sr OR ED OO oe ives 53 pas awh hea Ba ntale Kae (3) 

Experimental values of the mean specific volume of the total water 
content, v,, were obtained by direct measurement. If the weight of the 
compressed water also could be measured, its mean density could be 
obtained by means of eq. (3). However, this cannot be done directly. 
It can be estimated by making certain assumptions, as will be shown 
below. 

Of the water, wa, that has a specific volume less than 1.0, a part is the 
non-evaporable water and the rest is adsorbed water, specifically, water 
within the range of the force-field of the solid phase. That is, 

ee Pe gr er Pak) Te; ee A (4) 
where w, is the weight of non-evaporable water, g and 
Ww, is the weight of adsorbed water, g. 
For samples made with a given cement we may safely assume that 
a a on bina shi oP cslnnht aibun AA oe & wei ein ie cad (5) 
where B’ is a constant for the particular cement. That is, it is assumed 
that the amount of adsorbed water is proportional to the total amount 
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of hydration products* which in turn is in proportion to the amount of 
non-evaporable water. Hence, 
Wa = wv, + B’ w, = (1 + Bw, = Bw,................(6) 
Substitution from eq. (6) into eq. (3) gives 
Wr 
ee ES oe an eS ee > 
We 

Eq. (7) shows that a plot of experimentally determined values of 
v; versus the corresponding values for w,/w; should give a straight line 
beginning at v, = 1 when w,/w, = 0 and having a slope which would 
equal the product of the decrease in mean specific volume of the com- 
pressed water and the factor B, which is the ratio of the total amount of 
compressed water to the non-evaporable water, eq. (6). Experimental 
data are given in Tables 5-1 to 5-8. 

The mean specific volumes of the total water, v,, were determined 
as follows: Granular samples were dried to remove all the evaporable 
water. A portion of each dried sample was analyzed for non-evaporable 
water, portland cement, and pulverized silica, wher present. Another 
part of the dried sample was brought .co the saturated, surface-dry 
condition by the method described under ‘‘Experimental Procedures” 
(Part 1), and the amount required for saturation was noted. This 
amount, added to the non-evaporable water, gave the total water con- 
tent of the sample. The specific volume of the saturated sample was then 
determined by a conventional pycnometer method, using water as the 
displacement medium. 

Examination of these tables will show how the mean specific volume 
of the total water was computed. In Table 5-2, for example, columns 
5, 6, and 7 give the weight-compositions of the saturated granular samples. 
Column 8 gives the measured density of the same granules. 

Columns 9, 10, 11, and 12 give the weight-composition of 1 cc of 
each saturated sample. The values were obtained by multiplying the 
corresponding values in columns 5, 6, and 7 by the density of the satu- 
rated sample. 

The volumes of cement in 1 ce of each saturated sample appear in 
column 13. These were obtained by multiplying the values in column 9 
by the respective specific volumes of the original cements as measured 
by displacement of kerosene. 

The figures in column 14 are the differences between the tota] volumes 
and the volumes of the cements as given in column 13. The difference 
was taken to be the volume of water. This involved the assumption that 
the air content was zero. For these particular neat cement specimens 
the air contents of the original specimens were very low. In the mortar 
specimens from which the samples represented in other tables were ob- 


*Because wa ~ Vm w~ Wn for a given cement. 
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tained, the air contents were considerable. However, it is believed that 
the small granules taken for these measurements were smaller than most 
of the air voids and therefore would contain little air, if any. 

Column 15 was obtained by dividing the figures given in column 14 
by corresponding figures in column 12. 

Plots of v, vs. w,/w; for most of these data are given in Fig. 5-1 to 5-4. 

Since v, depends on the measured volume of the saturated, granular 
samples, and the computed volume of the original cement and (when 
present) pulverized silica, small inaccuracies in measurement have 
rather large effects on v,. Moreover, any inaccuracies in the correspond- 
ing figures for non-evaporable water, due either to errors or to inadvertent 
departures from the standard drying condition discussed earlier, contrib- 
ute to random scattering of the plotted points. Nevertheless, when all 
the plots are considered together, they support the conclusion that the 
total water content is made up of two components, one being free water 
and the other being water having a mean specific volume less than 1.0. 

This conclusion may not seem wholly convincing in view of the rather 
wide scatter of points in some cases and the fewness of the points in 
others. If so, one should consider that the main factor determining the 
magnitude of w, is the length of the period of hydration. In the graphs 
for Series 254-9, Fig. 5-3, the points represent ages ranging from 7 days 
to 6 months or a year. In every case, the sample at zero age would have 
to be represented by a point at w, = 0, v, = 1.0, for at that time all 
the water would obviously be free. Consequently, the only uncertainty is 
whether the real relationship is a straight line beginning at v,;.= 1.0, or 
a curve, beginning at that point. If the real relationship were a curve 
bending upward from the line as now drawn, it would indicate that the 
specific volume of the compressed water that is combined when w, is large 
is greater than when w, is small. If the curve turned downward, the indi- 
cation would be the opposite. In either case the indication would be that 
the products formed at one time would be different from those formed in 
the same paste at another time. 

There is some basis for believing that the products formed at first 
are different from those formed later. During the first few hours the 
reactions with gypsum are completed, as mentioned before. Also, the 
products formed from the finest flour in the cement would differ from 
those formed later because of the difference between the composition of 
the flour and that of the coarser particles. However, the effects are 
apparently not large. This was shown earlier when discussing the re- 
lationship between V,, and w, (Part 3). All things considered, it seems 
justifiable to assume that one straight line represents the data for any 
given cement and accordingly that both B eq. (6) and vg eq. (7) are 
constant for a given cement. 
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Mean ratio of (1 - v:) to w,/u: 

As stated before, the compressed part of the total water is considered 
to be the sum of the non-evaporable water and the adsorbed water. The 
degree of compression of the adsorbed water is probably the same for al] 
cements. This is indicated from data on the heat of adsorption already 
considered. The degree of ‘‘compression” of the non-evaporable water 
might be different for different cements, however, since there are differ- 
ences in the proportions of the various reaction products. For example, 
the proportion of Ca(OH)». should depend on the C;S content of the 
clinker, and the amount of aluminate-hydrates should vary with the 
C;A content. With this in mind, the data were classified according to 
C;A content, and for each class the values of (i — %) were averaged 

Wy/ Wt 


separately. The results are shown in Table 5-9. 


Application of methods of statistical analysis indicate that the largest 
difference between the mean ratios of the group are not larger than could 
be accounted for by chance variation alone. Nevertheless, some of the 
variation must be due to differences in the chemical compositions of the 
cements, as mentioned above. 


On the whole, the data seem to support the presumption that 
(1 — v,)/(w,/w,) varies with the composition of the cement but at the same 
time they show the influence of cement composition to be small. Cer- 
tainly the random variations are too great to warrant trying to evaluate 
the effect of cement composition from these data. Accordingly, eq. (8) 
below, representing the grand average, will be applied to all cements 
alike in further treatments of the data: 

vy, = 1 0.279 w,/w,..... 5 I ng tale ahr Ny .. el 
According to Table 5-9, this equation will give v, for an individual item 
with a probable error of about 7 percent. The degree of agreement be- 
tween the data and the equation is shown in Fig. 5-1 to 5-4. In each 
diagram the line represents eq. (8). 


TABLE 5-9—RATIO OF MEAN SPECIFIC VOLUME 
OF TOTAL WATER TO w., /w: 


Mean | Probable | Probable 
Type of l v error error Number 
cement w,,/Wr of of single of 
mean value samples 
Low C;A 0,279 t  OO2ZS8 t 0250 SS 
Med, CA 0. 283 0024 ® 0137 31 
High CyA 0), 278 & OOD  O129 70 
Grand avg. 0,279 & OO15 & 0200 180 
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Lower limit of mean specific volume of total water 

From eq. (8) it is apparent that the greater the weight-fraction of 
non-evaporable water, w,/w,, the smaller will be the mean specific 
volume, v:. However, there is an upper limit to w,/w,; and hence a 
lower limit to v,. This conclusion follows from the fact that the evapor- 
able water content of a saturated paste cannot be less than about 4V,, 
(see Part 3). That is, the minimum amount of evaporable water is 


w, Wy w, = 4V,, (min.) , 
or 
We m ° 
| —" (min.) . 
Wn Wy 
Since Vm/W» k, for a given cement, 
Ww, ° 
i + 4k (min.) , 
Wy 
or 
Wy | 
(max.) . 
Ws 1 + 4k 


From the values for k, i.e., Vm/w,, for different types of cement given 
in Table 3-6, Part 3, the limits of w,/w, and w,/w;, were computed with 
the results given in Table 5-10. 


TABLE 5-10—LIMITS OF w/w, AND w/w, 
FOR DIFFERENT TYPES OF CEMENT 


- Us u 
Type ol Wy, W», Ww, 
Cement (=k) 

Type I Normal CyA 0.255 2.02 0.50 
High CsA 0.256 2.02 0.50 
Type Il High iron 0.250 2.04 0.49 
High silica 0.279 2.12 0.47 
Type III Normal CA 0. 238 1.99 0.50 
High CsA (0). 240 1.96 0.51 
Type IV High iron 0), 282 2.13 0.47 
High silica 0). 277 2.11 0.47 


Krom these results we may conclude that the non-evaporable water 
cannot become more than about one-half the total water content of a saturated 
paste, 

From the data given in Table 5-10 and the empirical relationship 
given in eq. (8), the mean of the specifie volumes of the non-evaporable 


water and gel water can be estimated. That is, when w,/w,is a maximum, 
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w,/w, is between 0.47 and 0.51. For most cements w,/w; would be about 
0.50. Hence, the lower limit of v, is about 

(v.) min. = 1 — (0.279 X 0.50) = 0.860. 
Since these considerations pertain to pastes in which the total evaporable 
water = 4V,,, hence, to pastes containing no space outside the gel, it 
follows that 0.860 is the mean specific volume of the total water in a saturated 
sample that contains no capillary water outside the gel. 


Estimation of the bulk volume of the solid phase and volume of capillary water 

With the mean of the specific volumes of the gel water and non- 
evaporable water established, as given above, it is possible to compute 
the bulk volume of the solid phase and the volume of capillary water at 
any stage of hydration. 

The bulk volume of the solid phase is here defined as the sum of the 
absolute volumes of the solid material in the hardened paste and the 
volume of the pores that are characteristic of the gel. In other words, 
it is the sum of the volumes of the gel-substance, the pores characteristic 
of the gel, other hydrates, and residues of unhydrated clinker. Or, fora 
saturated paste, the bulk volume of the solid phase is the sum of the 
volumes of the solids plus the volume of the gel water. It differs from 
the over-all volume of the paste by the volume of the capillary water. 

The volume-composition of a unit volume of paste can be expressed 
in terms of its weight-composition as follows: 

CVUe + (Wn + Weta twee =1 , 
where 
c = weight of cement, g per cc of saturated paste, 

W, = weight of non-evaporable water, g per cc of saturated paste, 

w, = weight of gel water,* g per cc of saturated paste, 

w,. = weight or volume of capillary water, g per cc of saturated paste, 

v. = specific volume of original cement, and 
va = mean specific volume of (w, + w,) . 
Let 
Vea = 1 — we = Ce + (Wan + Wy)va 
where 
Ve = bulk volume of solid phase. 
Since w, = 4Vm, and V» = kw, (see Part 3), w, = 4kw, . 
Hence, 
a . (9) 
This equation holds for Vg = 0 to Vg = 1.0. 


*In this equation wy, the weight of the gel water, may be identical with wa, the weight of the adsorbed 
water appearing in eq. (4). However, until this is proved it is necessary to assume that a saturated gel 
may contain some water held by capillary condensation, that is, that gel water may comprise both adsorbed 
water and capillary water. However, the term ‘‘capillary water” as used in this discussion includes only 
the water that is in excess of the gel water. 
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For an average Type I cement, for which k = 0.255 (see Table 5-10) 
and v. = 0.315, and for vg = 0.860 as given above, this reduces to 
V ee Wn 
ae a § BE ee (10) 
C Ue Cc 


The significance of this equation is illustrated in Fig. 5-5. This 
diagram gives the bulk volume of the solid phase, or of capillary water, 
per unit volume of paste at any stage of hydration for any paste. For 
example, if a paste was originally 0.3 cement and 0.7 water by absolute 
volume, by the time it had hydrated to an extent such that the non- 
evaporable water is 0.2 g per g of original cement, the bulk volume of 
the solid phase will be 0.63 and the volume of the capillary water will 
be 0.37 ce per ce of paste. The other lines give the compositions at 
lesser degrees of hydration. At w,/c = 0, a point on the line gives, of 
course, the original water or cement content of the fresh paste, by 
absolute volume. The increase in volume due to hydration is also 
clearly seen in this diagram. 


& (by wt) 
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It should be noted that for any given stage of hydration (given 
w,/c) there is a certain cement content above which the paste can con- 
tain no capillary water. For example, as shown in Fig. 5-5, when w,/c = 
0.1, capillary-water content is zero when the absolute volume of the 
original cement is 0.65 ce per ce of paste; or, when w,/c = 0.2, w. = 0 
when the cement content of the paste is 0.48. 


Conversely, for a given cement content there is a degree of hydration 
at which capillary water disappears. This conclusion is restricted, 
however, by the fact that for any given cement, w,/c cannot exceed a 
certain limit, which is usually about 0.25. This topic will be considered 
further after the following discussion of the absolute volume of the solid 
phase in hardened paste. 
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ESTIMATION OF THE ABSOLUTE VOLUME OF THE SOLID PHASE 


The absolute volume of the solid phase in hardened paste is defined 
here as the sum of the volumes of all the hydrated solids and the volume 
of the unreacted cement. For a saturated paste it differs from the over. 
all volume by the volume of the evaporable water and from the bulk 
volume of the solid phase by the volume of the gel water. It cannot 
be determined from the weight of the evaporable water because the mean 
specific volume of the evaporable water varies with the porosity of the 
paste and the extent of hydration of the cement. For that reason, at- 
tempts to measure the specific volume of the solid phase were made. 


Method of measuring volume of solid phase 

In preliminary work, the volume of the solid phase was computed 
from the displacement of the dried granules in water and in other liquids, 
Owing to the effects of adsorption and to other factors which will be 
discussed presently, it was necessary to adopt an inert gas as the dis- 
placement medium and to develop special apparatus—a volumenometer 
—for the purpose. This apparatus and its operation are described 
below. 

The apparatus developed for measuring the volume of the solid phase 
in a hardened paste is illustrated in Fig. 5-6. The volumenometer 
proper is that part, shown with surrounding water bath, which is lo- 
cated between stopcocks, 1, 2, and 5. This comprises: 

(1) A sample bulb, S, which is joined to the rest of the apparatus 
through a standard-taper, ground-glass joint, and which can be cut off 
from communication with the rest of the system by means of stopcock 
3. 

(2) A mercury barometer, B, for measuring the pressure within the 
volumenometer. 

(3) A burette bulb, V, the free volume of which can be altered at 
wiJl by introducing or withdrawing mercury through stopcock 5, thus 
altering the gas pressure within the volumenometer. 

(4) A stopcock, 4, which enables the sample bulb to be evacuated 
without evacuating the rest of the volumenometer. 

Stopcock 2 connects with a line to the vacuum pump. Beyond stop- 
cock 5 is a mercury reservoir Rk. The pressure in the volumenometer 
is maintained at somewhat less than atmospheric so that mercury will 
siphon into bulb V when R is open to the air and stopcock 5 is open. 
To withdraw mercury from V, the side-tube on R is connected to the 
vacuum pump by means of rubber tube 7 and is evacuated before 
stopcock 5 is opened. 

Stopcock 1 connects the volumenometer to a helium reservoir H in 
direct communication with a mercury manometer M, which gives the 
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difference between atmospheric and helium pressures. Stopcock 6 con- 
nects with the helium supply through two cold traps (not shown) filled 
with activated charcoal for removing impurities. 


Tests are made with the volumenometer to obtain the free volume 
of the sample bulb S (up to cock 3) with and without a sample in place. 
The absolute volume of the sample is then found by difference. Volumes 
are measured by determining the volume of mercury that must be 
admitted to bulb V in order to restore the helium pressure in the volume- 
nometer after the cock to the evacuated sample bulb is opened. 


At the start of a volume measurement the mercury is withdrawn 


from bulb V until only the capillary remains filled. The flask R with 
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its content of mercury is then removed, weighed, and replaced. Next, the 
volumenometer inclusive of the sample bulb S is evacuated through cock 
2 using a mercury diffusion pump backed by a Cenco-Hyvae pump. If 
the volumenometer is already filled with pure helium beyond stopcock 4, 
this cock can be left closed. After evacuation, stopcocks 2 and 3 are 
closed and 4 is opened. Helium is then admitted through cock | until 
the desired pressure, somewhat less than atmospheric, is obtained. 
Readings are taken on the lower level of mercury in barometer B until 
a steady, reliable value is obtained. A micrometer microscope reading 
to 0.001 mm is used. After the reading has been obtained, a little 
mercury is withdrawn to flask R to eliminate any air that may have 
become trapped at the mouth of the siphon-tube when the flask was 
replaced after the previous weighing. This clears the line for subsequent 
manipulations. 

Next, stopcock 3 is opened, admitting helium to the sample bulb, 
and the pressure drops. The pressure is then restored by opening stop- 
cock 5, thus allowing mercury to flow into bulb V. The mercury content 
of V is adjusted until the reading taken on barometer B is the same as 
before the helium was admitted to the sample bulb. The apparatus 
is allowed to stand in this condition with further additions of mercury 
when necessary, until it is obvious that the desired reading is being 
maintained. Then the weight of flask R and its content of mercury 
is found and subtracted from the previous weight. When the weight of 
mercury given by this difference is multiplied by the specific volume of 
mercury, the volume of the free space in the sample bulb is obtained. 

When bulb S contains a paste sample, the times required for evacua- 
tion and for helium contact are necessarily much longer than when the 
volume of the empty bulb is measured. Experience with cement. pastes 
has indicated that overnight pumping out and one or more days of 
contact with the helium are advisable. 


Choice of displacement medium 


The displacement medium was chosen on the basis of results of pre- 
liminary tests given in Table 5-11. The object in making these measure- 
ments was to find a medium that would measure the space occupied 
by the evaporable water, or its complement, the space occupied by 
solids. The medium should be able to penetrate any region that can be 
reached by water, without undergoing the volume change that water 
does. 

The upper half of the table represents data obtained by pycnometer 
measurements; the lower half represents results obtained with gases as 
displacement media using an earlier form of the volumenometer de- 
scribed above. These data were obtained when the methods were being 
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TABLE 5-11 


Volume of 1 g of dry sample for 
samples indicated: (ec) 
Displacement- . | 
fluid 20Q Is | 39 | 40 41 | 42 62 N.B. 


Liquid displacement fluids 


| | 


Water 395 | - 392 .389 | .391 450 
Acetone 408 | .404 | 424 
Carbon tetrachloride — | 465 
Toluene .429 | .444 | 


Gaseous displacement fluids 


Air - | 327 | .362 | .336 | .338 | .312 ; — 
Hydrogen — | .392 | .422 | .392 | .396 206 
Helium .424 | .433 .420 


N. B.—Silica-gel Lot 15106. 


developed and may not be very accurate; however, they serve well 
enough for the present purpose. 

The wide differences among the results shown in Table 5-11 are due, 
we presume, to such factors as differences in size of molecule and dif- 
ferences in the interaction between the solid and the fluid. The size of 
the molecules of the various gases is about the same as that of water, 
or slightly smaller; but the organic liquids have molecules considerably 
larger than the water molecule, as shown by the following data: 


Kind of Molar Relative 

liquid | volume volume 
Water 18 1.0 
Acetone 73 4.0 
Carbon tetrachloride 96 5.3 
Toluene 106 5.9 


Since the sizes of the molecules of the organic liquids ranged from four 
to six times that of the water molecule, the gases were preferable so far 
as this factor is concerned. 

Among the gases, air and hydrogen proved to be unsatisfactory 
because they were adsorbed by the solid material. In air, the apparent 
specific volume of the hydrated cement appeared to be little or no higher 
than that of the original cement. This obvious absurdity was probably 
due mainly to the adsorption of oxygen. Hydrogen is adsorbed also; it 
happened to give apparent displacements virtually the same as those 
in water. These results with air and hydrogen left only the inert gases 
as being able to meet the requirements with respect to molecule-size and 
absence of interaction, for these gases have small molecules and besides 
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are not adsorbed to a measurable degree at ordinary temperature and 
pressure. Helium was chosen because it was readily available and had 
been used by others for the purpose. 

It cannot be said that the displacement of a sample in helium is an 
accurate basis for computing the space that had been occupied by 
evaporable water. An inaccuracy would arise from the salts that appear 
as solids in the dry paste but which are in solution in the saturated paste. 
The error from this source is probably small. Another inaccuracy, 
perhaps more serious, arises from the ability of water to swell the solid 
and thus possibly to open up and enter regions that are inaccessible to 
an inert gas. Whether or not helium is excluded from any regions 
accessible to water is not known. The existence of such regions does not 
necessarily imply an inaccuracy in the helium determination. That is, 
if the loss of water from such a region causes a shrinkage equal to the 
volume of water lost, the helium measurement would correctly indicate 
the density of the solid phase and the space available to the water even 
though the helium were not able to penetrate it. However, if the volume 
change in such a region is not equal to the volume of water lost from 
that region, the helium displacement will not accurately indicate the 
space available to water. This is a question which must be left open for 
the present. However, it might be noted that the possibility of a gel- 
shrinkage equal to the amount of water removed from the gel is not as 
remote as might at first be supposed. Although it is true that the 
over-all volume-change is only about 1/40 of the volume of water re- 
moved, there is evidence that the gel itself undergoes much greater 
shrinkage than the specimen as a whole, the difference being due to 
mechanical restraints. 

Other sources of error are inherent in the apparatus itself. Although 
the apparatus was constructed and manipulated with care, leakage 
through the stopcocks seemed to occur occasionally. Also, the readings 
of the mercury level in the barometer with the micrometer microscope 
were sometimes affected by changes in the shape of the meniscus in the 
course of the manipulation of the apparatus. 


EXPERIMENTAL RESULTS 


Many measurements were made on samples of various descriptions, 
but the origina] determinations were later found to be in error because 
not enough time had been allowed for the helium to penetrate the fine 
structure of the granules. As was found for carbon black by Rossman and 
Smith, the first period of rapid penetration is followed by a very long 
period of slow penetration. Different pastes differed in the time re- 
quired for the attainment of practical equilibrium. In one case 5 or 6 
days of contact seemed to be necessary. The procedure finally adopted 
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was to evacuate the sample for 1 or 2 days and\then to maintain contact 
with the helium for 1, 2, or as many days as were necessary to establish 
apparent equilibrium. Even under these circumstances it was difficult 
to attain as good duplicability in repeat tests as was desired, partly 
because the long time periods increased the effects of any slight leaks. 
These sometimes developed at the stopcocks. 

Test measurements had to be repeated several times to obtain values 
for the specific volume of the non-evaporable water with an apparent 
accuracy of about + 0.01 ce per g. Only four different samples were 
tested by the final technique, but the cements represented a considerable 
range of compositions. The specific volumes of the dried pastes (about 
6 months old) were all found to be close to 0.41 ce per g (density: 
2.44 g per cc). From the individual values the specific volume of the 
non-evaporable water was computed as explained below. 


Specific volume of non-evaporable water 
The volume of the solid phase can be considered as being equal to the 


sum of the volumes of original cement and the volume of the non-evap- 
orable water. That is, 


Fic, ae ols athens oie ene akan .(11) 
where 
V. = volume of solid matter, 
v, = hypothetical specific volume of non-evaporable water, and the 


other symbols have the same significance as before. 
The specific volume of the non-evaporable water may have no literal 
significance, since at least a part of the non-evaporable water probably 


‘loses its identity when it enters into chemical combination with the 


cement constituents. Nonetheless, a figure can be obtained which 
represents the increase in volume of solid phase per gram of water com- 
bined with the cement and which is thus virtually the specific volume 
of the water. Since this specific volume does not vary widely among 
cements of various compositions, general use can be made of it for 
estimating the absolute volume of the solid phase from the non-evapor- 
able water content. This makes available for this study a considerable 
number of data from samples on which helium-displacement measure- 
ments were not made. 

The hypothetical specific volume of the non-evaporable water can 
conveniently be computed from the following form of eq. (11): 


Wr 


rr . . . 7 . . 
The values of v, found from the final, most reliable experiments 
were as follows: 
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Computed composition 
Cement | - 


~ ai Vn 
No. CS } CS C3A C,A F 
13721-1P 44.8 26.3 | 12.7 6.6 | 0.82 
13738-6Q 56.4 17.6 10.5 9.2 0.83 
13765-15Q 42.4 | 28.9 9.9 8.8 0.81 
13779-20P 53.0 15.5 13.1 11.5 0.82 


In the computations that follow v, is taken as 0.82 for all cements, 
on the basis of the results tabulated above. 


Specific volume of gel water 

With the data now at hand, the approximate specific volume of the 
gel water can be estimated. 
Let v, = mean specific volume of gel water; 

w, = weight of gel water; 

UnWn + VgW, = Vir. 
In a saturated sample, made of normal Type | cement, containing no 
‘apillary space, 


wn, = 0.50 uw; ; 


w, = 0.50 wu; ; 
v, = 0.860 ; and 
v, = 0.82 
Hence, 
0.860 — 0.50 0).82 ‘ 
v, = ees = 0.90, approximately. 
0.50 


Computation of volume of solid phase from non-evaporable water 
Kq. (11) can be written 

2  . e Oe ven 

CW % Cc 
This gives the ratio of the volume of the solid phase to the volume of the 
original cement in terms of the non-evaporable water (g per g of cement) 
and the ratio of the specific volume of the non-evaporable water to that 
of original cement, v,/v.. For any given cement v,/v, is constant and 
indeed the same value may be used for various cements without intro- 
ducing much error. In the following computations », is taken as 0.82 for 
all cements, v, is the measured value when known and 0.317 when no 


; ; pan , ie 0.82 ().82 
measured value is available. That is, the value is either - or —— 
v, 0.317 
= 2.59. 
Computations of solid-phase volumes are recorded in Tables 5-12 


to 5-16. These data include results from five different cements and three 
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TABLE 5-12—COMPUTATION OF VOLUME OF SOLID PHASE 
Cement 14930J 
Yn = 0.82 _ 2.64; CyS 23 percent; CoS 56 percent; CsA 6 percent; CsAF 10 percent; 
. 631 
Specific surface = 2040 sq cm per g; Computations based on eq. (12) 
(1) (2) (3) (4) (5) (6) (7) 
Ref. : C Ve 
No. Age, Wn V. ce. per 
ts Series w/c days c cv ce. of V, 
be 254-8 & 9 (g/g) paste 
Mix A 
he 9-1 . 309 7 O80 1.21 198 .60 
. “ “ 14 099 1.26 “ 63 
28 .107 1.28 " . 64 
56 .129 1.34 ‘* .67 
vis 90 . 150 1.40 rs 70 
se 180 162 1.43 ~ 2 
sc 5 365 170 1.45 4 de 
R-1 311 447 181 1.48 19-4 73 
no 
Mix B 
9-2 424 7 O80 1.21 118 51 
_ 2 14 103 1.27 - 3 
28 116 1.31 55 
56 .135 1.36 57 
90 .174 1.46 61 
180 185 1.49 62 
a 365 195 1.52 55 63 
8-2 143 362 201 1.53 107 62 
Mix C 
9-3 573 7 O82 1.22 347 12 
43 * 14 090 1.24 “2 43 
28 121 1.32 46 
56 . 164 1.43 43 50 
90 185 1.49 52 
3) % " 180 201 1.53 ‘ 53 
- 4 365 214 1.56 oe 54 
he 8-3 595 362 210 1.55 .338 52 
it) 
at different mixes and from six to eight different curing periods for each 
nd cement. ‘The increases in solid volume during the course of hydration 
«! are shown for each of the cements in Fig. 5-7.* 
or 
a These curves show that during the first month or so the average rate 
; of hydration of a given cement is greater the greater the original water- 
2 cement ratio. After the first 3 months the rate is very low. Because 
li of this the data do not indicate very definitely the trends of the curves 
at the later ages. Nevertheless, it is clear that even with the slow 
12 hardening cements, hydration virtually ceases within a year. 
ee —— 
*For description of mixes see S-254-8 & 9, Appendix to Part 2, 
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TABLE 5-13—COMPUTATION OF VOLUME OF SOLID PHASE 
Cement 15007J 








 ., 0.82 2.61; CyS 48 percent; CoS 29 percent; C3A 7 percent; CsAF 10 percent: 
Ve 0.314 ’ 
Specific surface = 2015 sq cm per g; Computations based on eq. (12). 
S, ae _ (2) oan >. see (6) (7) 
| | r- Pa 
Ref. : C Ue 
No. Age, Wn Va. ce per 
Series W./Cc days c CY, ce of V, 
254-8 & 9 | (g/g) paste 
; Mix A . 
9-4 316 7 . 126 1.33 .493 66 
= ” 14 .140 1.36 % 67 
| 28 154 1.40 69 
56 . 168 1.44 71 
a ; 90 b ade 1.45 72 
- 7 180 . 184 1.48 .73 
8-28 344 | 480 .198 1.52 471 71 
Mix B 
9-5 ee ae 7 .133 1.35 416 56 
a Fate 14 150 1.39 ‘ 58 
’ Ps 28 171 1.45 . 60 
oe 56 185 1.48 “ 62 
: 3 90 .192 1.50 us 62 
4 sé 180 . 202 1.53 # 64 
8-29 | .464 440 ae 1.57 .398 62 
Mix C 
9-6 | .570 7 156 1.41 347 | .49 
ss * 14 . 163 1.42 23 49 
28 | . 184 1.48 rf 51 
Ps - 56 . 204 1.53 ay 53 
i 90 . 205 1.54 ee 53 
6 a 180 .213 1.56 <g 54 
8-30 595 440 . 232 1.61 .340 55 


Table 5-17 gives the volumes of the solid phase in pastes that had 
apparently closely approached the maximum possible extent of hydra- 
tion. The average results from each mix are plotted in Fig. 5-8. This 
diagram is like Fig. 5-5 except that the solid volume rather than bulk 
volume is shown. Fig. 5-9 represents a Type I cement cured 6 months. 
The original specimens were truncated cones of 4-in. base diameter, 11%- 
in. top diameter, and 6-in. altitude. Some were made of sand-cement 
mortar; others from cement and pulverized silica.* (See Table 5-18.) 

These two diagrams show that as the cement approaches ultimate 
hydration the volume of the solid phase per unit over-all volume of paste 
is directly proportional to the original cement content of the paste for 


*For complete description see Appendix to Part 2, Series 254-7. 
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TABLE 5-14—COMPUTATION OF VOLUME OF SOLID PHASE 


Yn — 0.82 _ 2.63; CxS 45 percent; CyS 29 percent; C;A 7 percent; C,AF 10 percent; 
y, 0.312 
Specific surface = 1835 sq em per g; Computations based on eq. (12). 
(2) (3) _(4) (5) | _ ©) _@%) 
Ref. ‘ C U¢ 
No. Age, Wn ! - ce per 
Series | Wo/C days c C Ue ce of V, 
W48&9 | (g/g) paste 
iy Mix A 
97 316 7 114 1.30 492 64 
‘a 4 14 133 1.35 ra . 66 
28 143 1.38 .68 
s 56 .156 1.41 .69 
~ 90 . 164 1.43 .70 
o 180 .170 1.45 71 
se si 365 .176 1.46 42 
8-40 319 478 . 184 1.48 .490 i ¢ 
. Mix B 
9-8 432 7 .123 1.32 .413 .54 
- = 14 .153 1.40 “2 .58 
' 28 . 165 1.43 .59 
56 187 1.47 .61 
sp 90 .191 1.50 .62 
is 180 .199 1.52 "4 .63 
8-41 442 368 .210 1.55 .410 .64 
Mix C 
9-9 582 7 131 1.34 .350 47 
nS 14 . 157 1.41 id .49 
* 2 .176 1.46 51 
56 195 1.51 53 
; 90 . 205 1.54 54 
a 180 .214 1.56 é .55 
8-42 595 368 . 222 1.58 . 340 . 54 


Cement 15011J 


699 





those pastes in which the original cement content does not exceed about 
45 percent of the over-all paste volume. For this lower range of cement 
contents the position of the line OB corresponds to w,/c = 0.224; 
hence, eq. (13) becomes 
Ve = 1.58 ¢ v. | on < 045° 
For pastes having cement contents greater than 45 percent of the 
over-all volume, the ultimate volume of the solid phase in the hardened 
paste is not directly proportional to ¢ »,. 
shown in Fig. 5-8, is 


Ve. = 05+ 0.5c v.| 0.45 S cv. S 1.0 


Eq. (14) is represented in Fig. 5-8 by line OB; eq. (15), by BC. 


Instead, the relationship, as 
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TABLE 5-15—COMPUTATION OF VOLUME OF SOLID PHASE 
Cement 15013J 
vn _ 0.82 
ve 0.316 
Specific surface = 1810 sq cm per g; Computations based on eq. (12). 


= 2.60; CxS 39 percent; CoS 29 percent; C;A 14 percent; CyAF 7 percent; 


(1) (2) (3) (4) (5) (6) (7) 
Ref. . CU, 
No. Age, Wn Vv. ce per 
Series ae Sf days c CY, ce of V, 
254-8 & 9 (g/g) paste 
Mix A 
9-10 .324 7 .149 1.39 188 68 
é = 14 . 164 1.43 < 70 
28 171 1.44 70 
56 . 180 1.47 ” 72 
90 .191 1.50 " 73 
- “ 180 188 1.49 ce 73 
8-46 . 332 339 .218 1.57 181 75 
Mix B 
9-11 .443 7 . 156 1.41 .410 58 
as ie 14 183 1.48 .. 60 
28 Be i 1.46 "i 60 
56 208 1.54 ” 63 
90 .215 1.56 is 64 
" - 180 . 236 1.61 ‘* 66 
8-47 453 333 241 1.63 105 66 
Mix ¢ 
9-12 611 7 .158 1.41 335 17 
se ” 14 . 183 1.48 a" 19 
28 . 203 1.53 51 
56 . 221 1.58 " 53 
90 . 236 1.61 es 54 
4 180 . 245 1.64 ss 55 
8-48 .599 333 . 253 1.66 339 56 


Lines OD and DC in Fig. 5-8 represent the bulk volumes of the solid 
phase (see Fig. 5-5) corresponding to the solid volumes represented 
by OB and BC. Line OD corresponds to eq. (10) with w,/c (),224. 
For a saturated paste vertical distances in the area above OD represent 
capillary water; those in the area between ODC and OBC represent gel 
water; those in the area OBCO represent non-evaporable water. 

In Part 3, data were presented showing that the evaporable water 
cannot be less than 4V». (V», = weight of water in first adsorbed layer.) 
It was shown that as a consequence of this the maximum weight ratio 
of the non-evaporable to the total water would be between about 0.47 
and 0.51, depending on the type of cement. For a Type I cement it 
would be about 0.50. It is of interest to compare these weight ratios 
with the volume ratio indicated by BC in Fig. 5-8. (The points along 
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TABLE 5-16—COMPUTATION OF VOLUME OF SOLID PHASE 
Cement 15365 
‘5 vp . 0.82 _ 2.57; CoS 45 percent; CoS 28 percent; C:A 13 percent; CsAF 7 percent; 
vy, 0.319 
Specific surface 1640 sq em per g; Computations based on eq. (12). 
(1) (2) (3) (4) (5) (6) (7) 
Ref. : Cc DY, 
No. (ge, Ww V, ce per 
Series w,/C days c CY, ce of V. 
254-8 & 9 (g/g) paste 
Neat cement 
g-15A 244 7 115 1.30 558 72 
“ 3 14 126 1.32 vis 74 
28 136 1.35 75 
56 140 1.36 76 
90 145 1.37 77 
180 155 1.40 78 
Mix A 
9-13 319 rf 133 1.34 490 66 
a ag 14 152 1.39 68 
28 149 1.38 68 
56 179 1.46 . 72 
90 179 1.46 a 72 
180 182 1.47 72 
Mix B 
9-14 130 7 139 1.36 412 56 
se = 14 171 1.44 “" 59 
28 184 1.47 : 61 
56 210 1.54 = 63 
OO 215 1.55 : 64 
180 222 1.57 65 
Mix (¢ 
9-15 587 7 153 1.39 351 19 
“9 - 14 186 1.48 = 52 
id ; 28 210 1.54 54 
d : ; 56 221 1.57 . 55 
m ‘ 00 230 1.59 ‘ 56 
4. ’ 180 255 1.66 . 58 
nt 
re| 
er 
r.) 
0 
17 
it 
08 
ng 
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this line represent cements of average Type I composition.) ‘To make 
this comparison it is necessary to convert the volume ratio represented 
by BC to the corresponding weight ratio: 


WrVn = 0.5 W1V1 (Fig. 5-8)... me eon 6 8 6 86s oO . (16) 
v, = 1 — 0.279 “" (eq. (8) ). 
Wt 
| re (17) 
Substitution of eq. (8) and (17) into eq. (16) gives 
wn = 0.52. 
W 


Thus, the maximum weight ratio of w, to w; as estimated from the 
specific-volume measurements is higher than that estimated from the 
adsorption measurements by 6 percent of the smaller value. This 
discrepancy is probably the result of applying eq. (8) for v, instead of 
experimental values for the particular cements represented in Fig. 5-8, 
using the approximate value 0.82 for v,, and using the estimated weight 
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ratio based on an average ratio between V,, and w, that may be in error 
by as much as 10 percent for a particular cement. 


It may be concluded! that Table 5-10 and line BC of Fig. 5-8 are sub- 
stantially in agreement in showing that the maximum possible weight 
ratio of non-evaporable water to total] water is about 4. 


Limit of hydration for pastes of high cement content 


As already noted, line BC appears to be an upper limit to the amount 
of hydration (in terms of w,) that can occur in pastes of high cement 
content. The data at hand are not sufficient to prove whether this is an 
absolute limit or whether, given sufficient time, the points will gradually 
move higher. However, the fact that one of the points represents a 
water-cured paste 4 years old gives strong support to the supposition 
that the line as shown marks the upper limit. The significance of the 
position of line BC and whether or not its slope remains the same may 
not at first be apparent. Consider the following alternative possibilities. 


(1) The process of filling the available space with hydration products 
could be likened to filling a vessel with like-size spheres; at any given 
stage in the filling the total void space in the vessel would represent the 
unfilled space plus the pore space between the spheres; the void space 


TABLE 5-18—COMPUTATION OF THE VOLUMES OF THE SOLID 
PHASE IN SPECIMENS FROM SERIES 254-7 


Cement 14675 


Un Wn > te 3 BRS 








=1+ = UOC = 2.58 
C Ue Ue C v, 0.318 
Ref. ce (1 + 2.58 wn /e)ere 
No. | wn/c 1 + 2.58(wn/c) ce per Vs 
254-7 ce of ec /ce of paste 
— paste 
28d 56d 6 mo. 28d 56d | 6 mo. 28d 56d 6 mo 
ee SS = = = 
Mortar specimens 
7-1 | .1445 | .1485 | .1626 | 1.37 1.38 1.42 | .554 | .76 | .77 79 
7-2 } .1585 | .1605 | .1763 | 1.41 1.41 1.46 534 we ot lee 78 
7-3 | .1665 | .1705 | .1817 1.43 1.44 | 1.47 | .515 74 | .74 76 
7-4 .1895 | 1870 | .2046 1.49 1.48 1.53 | .477 71 De 73 
7-5 .2045 | .2115 2301 | 1.53 | 1.55 i. 421 64 65 68 
7-6 .2115 2275 | .2337 1.55 | 1.50 | 1.60 | .354 | .55 | .56 57 
7-7 2155 2275 | .2303 1.56 1.59 1.59 | .306 | .48 | .49 49 
Cement-silica specimens 

AEE NED ES A RA ae tt one ee a Ee : “ 
| 35d | 63d 6mo. | 35d | 63d | 6 mo. 35d | 63d 6 mo. 
7-18 1995 2007 .2160 | 1.52 1.52 1.56 72 .72 72 | .7%4 
7-25) | =«.21383 | .2164 | .2324 1.55 1.56 1.60 $21 65 66 67 
7-38 | 2246 | 2270 | .2433 1.58 1.59 1.63 373 59 59 61 
7-48 | .2323 | .2303 | | .2497 1.60 1.59 1.64 340 BA | C5 6 
7-58 2% 2304 | 2456 1.61 1.59 1.63 326 52 52 53 
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Fig. 5-8 (left) —Relationship between volume of solid phase and original cement content 
at virtually ultimate hydration 
Data from Table 5-17 


Fig. 5-9 (right)—Relationship between volume of solid phase and volume of original 
cement 


Data from Table 5-18 
i See Appendix to Part 2 for description of original specimens 





within the vessel could not be reduced below the total volume of the 
spaces between the spheres when the vessel is full of spheres. 

(2) The process could be likened to that of filling a vessel with rela- 
tively large spheres and then sifting in smaller spheres that could oecupy 
the spaces between the larger spheres. 

If the amount of non-evaporable water reached a point on the line 
BC and then remained there regardless of the length of the period of 
curing, thus indicating an unchanging ratio between evaporable and non- 
evaporable water, the indication would be that the hydration products 
have a characteristic minimum porosity that cannot be reduced. This 
would indicate that the space becomes filled by a process analogous to 
that described in (1). If with continued hydration the slope of BC 
should become smaller, this would show that the ratio of non-evaporable 
to evaporable water gradually increases and that the colloidal hydration 
products become less porous as hydration proceeds. This would indicate 
that the space becomes filled in the manner pictured in (2); that is, the 
pores of the gel first formed would become partly filled by hydration 
products formed at a later time. As pointed out above, the fact that 
the specimen cured 4 years is represented by a point on BC of Fig. 5-8 
is strong evidence that the porosity of the hydration products does not 
decrease as hydration proceeds. Hence, hydration seems to be a process 
of forming new products without changing the characteristics of products 
already formed. 
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This evidence that the hydration products have a characteristic 
porosity is compatible with the theory of formation of the gels. When the 
solid material precipitates from solution, the colloidal particles initially 
formed by the aggregating molecules are drawn together by interparticle 
forces having an intensity characteristic of the system. The gel is pic- 
tured as a mass of colloidal particles drawn together in random arrange- 
ment and held by the forces of flocculation and probably to some extent 
by rudimentary, submicroscopic crystal growths. If the particles com- 
posing the gel (the ‘“micelles’’) are larger than the normal spaces in the 
gel, later deposition of new gel in such spaces would seem unlikely. (See 
Part 3.) 


Limit of hydration with capillary water continuously available 

For mixes falling to the left of point B, the time required for the solid 
phase in a given paste to attain a volume represented by a point on the 
line OB is greater the greater the original cement content of the paste. 
(It should be noted that time is not represented in Fig. 5-8 or 5-9.) 
But apparently this line is reached eventually and it marks a limit to the 
amount of hydration even though capillary water is present in the paste. 
Such a result would be expected if the position of line OB corresponded to 
complete hydration of all the cement. However, complete hydration 
probably does not occur except in cements of unusually high specific 
surface. Observations by Brownmiller® on pastes of w/c = 0.4 by 
weight (¢ v, = 0.44 ce per ce of paste) indicate that all but the coarsest 
particles of cement, probably those having diameters less than about 40 
microns, become completely hydrated if water-cured long enough. 
According to Brownmiller, a Type III cement of about 2600 specific 
surface appeared to be about 99 percent hydrated at the seventh day. 
A Type I cement, specific surface 1800, appeared about 85 percent 
hydrated at the 28th day. In a section from concrete pavement 6 years 
old, the cement (specific surface unknown but probably not over 1800) 
in the part photographed appeared to be completely hydrated except 


for one 75-micron particle. 


Fig. 5-10 gives data obtained in this laboratory on the influence of 
fineness on the extent of hydration as indicated by the non-evaporable 
water content. These results indicate that the ultimate increase in solid 
volume per cc. of original cement is smaller the coarser the cement, These 
indications that coarse particles of cement remain unhydrated for an 
indefinite period even when free water is present show that the apparent 
cessation of hydration is, for cements of ordinary fineness, not due to the 
attainment of chemical equilibrium. Apparently, the gel around the 
coarser cement grains becomes so dense that water cannot penctrate it, 
Absolute stoppage of flow through the gel is hardly conceivable, however. 
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It is more likely that water continues to penetrate to the cement but 
does it so slowly that we are unable to detect the effect. 


Estimation of volume of unreacted cement 
The amount of unreacted cement in hardened paste can be expressed 
as follows: 
| uc | - WyVy (18) 
CV, Cc v, 
where 
Fm 


Cv, 


volume of unreacted cement per unit volume of original 
cement, and 

n ec. of hydration products per ec. of non-evaporable water. 
As said before, we have no data on the amount of unreacted cement in the 
specimens used in these studies. However, from Brownmiller’s observa- 
tions, mentioned above, it seems reasonable to assume that at ultimate 
hydration, about 90 percent of a Type 1 cement becomes hydrated. 


Making this assumption, assuming that w,/c 0.24 at ultimate hydra- 
tion, and letting v,,/v, 2.59, we obtain 

0.1 | n(2.59 * 0.24). 
Hence, n 1.45. 


With n thus estimated we may write 
Y we 


Cv, 


| 3.75 w,/C . (19) 


It should be understood that this relationship is only a rough estimate. 
The value of n will depend on the fineness of the cement, the coarser 
the cement, the smaller n. For example, if when w,/c = 0.24 the 
cement is actually completely hydrated, n would equal about 1.6; if 80 
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percent hydrated, about 1.3. The purpose of the computation is to 
show the order of magnitude of n and to provide a basis for showing, 
in the following section, how the correct data would be represented 
graphically if we had them. 


Graphical summary of data on volumes of various phases in hardened cement paste 

Fig. 5-11 gives a summary of the relationships brought out in the 
preceding discussions. 

It should be understood that the diagrams represent average values, 
The slope of BC (eq. (15)) would vary slightly among pastes made with 
different cements, according to differences in the ratios w,/w, for the 
rarious cements. Likewise, the relationship between the slope of OB 
(eq. (13)) and that of OD (eq. (9)) depends on V,,/w,. The slope of OB 
at ultimate hydration would be smaller the coarser the cement. More- 
over, the slope of OE (eq. (18)) would depend on the fineness and other 
characteristics of the cement. 

With respect to eq. (18), it should be clear that this equation can 
hold only up to the ordinate of point B. Beyond that point the locus 
of the point representing unreacted cement must be the straight line HC, 

At 0 percent hydration, only the diagonal line would appear, represent- 
ing unreacted cement and capillary water. Af this stage, the capillaries 
are the spaces between the original cement grains. The manner in which 
the new phases develop as hydration proceeds may be seen by comparing 
the four diagrams in consecutive order. 


SOME PRACTICAL ASPECTS OF THE RESULTS 

No attempt was made in this paper to discuss the implications of the 
data and the relationships that have been presented. However, the 

following fairly obvious matters may be pointed out: 
(1) Pastes in which the original cement constitutes more than 
45 percent of the over-all volume cannot become hydrated to the 
same extent as pastes containing less cement. In terms of weight 
ratio, this means that if w,/c is less than 0.40, ultimate hydration 
will be restricted. Therefore, conclusions about the extent of 
hydration of cement in ordinary concrete should not be drawn from 
data obtained from standard test-pieces—w/c = about 0.25. (The 
numerical limits mentioned above probably are different for cements 
of different specific surfaces; the coarser the cement the lower the 
limiting w,/c. For specific surfaces between 1600 and 2000, the 

figures given are satisfactory.) 


(2) The average rate of hydration is lower the lower w,/c. There- 
fore, the age-strength relationship for ordinary concrete cannot be 
the same as that for standard test pieces of low w,/c. 
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Fig. 5-11—Relationship between volumes of various phases in saturated hardened paste 
and original cement content at ultimate hydration 


(3) The substance that gives concrete its strength and hard- 
ness is the solid material formed by the hydration of portland 


cement. In Fig. 5-11 this cementing substance is represented by 
the vertical distance from OKC to ODC at the point on the scale of 
abscissas representing the original cement content of the paste. 
The capillary spaces, when present, are distributed through this 
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substance and weaken it. Therefore, the cementing substance (not 
the paste as a whole) has its maximum possible strength if the 
hardened paste can be represented by the ordinate passing through 
points #, B, and D, or by any ordinate to the right of that one. 


(4) It might seem from the foregoing paragraph that a paste 
represented by the ordinate through EBD has the maximum possible 
strength and therefore that still richer pastes (necessarily molded 
under pressure) would be no stronger. However, a limited amount 
of data obtained from specimens molded under high pressure in- 
dicates that the strength of the paste as a whole increases as the 
composition is made to fall farther to the right of the ordinate pass- 
ing through EBD. In view of the evidence that the density of the 
cementing substance is the same in all such pastes, it is concluded 
that the increase in strength is due to the decrease in the thickness 
of the layer of cement between the particles of mineral aggregate. 
In this connection, the unreacted cement may be considered to be a 
part of the aggregate. The increase may also be due in part to an 
increase in the degree of “self-desiccation” of the gel, which would 
be expected to increase with the proportion of unreacted cement, 


(5) The hydraulic radius of the pores in the paste and the porosity 
are smaller the smaller the proportion of capillary space in the 
hardened paste. The hydraulic radius is at its lowest possible 
value when the composition of the hardened paste can be repre- 
sented on the ordinate passing through points /, B, and D of Fig. 
5-11. Porosity of the paste as a whole continues to decrease as the 
composition is made to fall farther to the right, but the hydraulie 
radius is not further reduced. 

(6) The permeability of hardened pastes to fluids under external 
pressure probably depends almost entirely on the proportion of 
capillary water, owing to the extreme smallness of the gel-pores. 
Hence, permeability is practically zero when the paste can be 
represented by the ordinate passing through points 2, B, and D. 
This is discussed further in Part 7. 


GENERAL SUMMARY OF PART 5 


Nomenclature: 


c = cement, g per g of saturated paste 
w, = total water, g per g of saturated paste 


w, = non-evaporable water, g per g of saturated paste 
Wa = compressed water, g per g of saturated paste 
w, = capillary water, g per g of saturated paste 


w, = adsorbed water, g per g of saturated paste 
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w, = gel water, g per g of saturated paste 


v. = specific volume of cement 

v= 7 ms “ total water 

Va = is ‘“ —~ “© non-evaporable water 

Va . ‘* —™ compressed water 

vy = = 5 ‘* gel water 

B’ = ratio of adsorbed water to non-evaporable water 

B = (1+ B’) 

k = ratio of V,, to w, 

V, = constant of B.E.T. equation, proportional to surface area of 


the gel 
Vp = bulk volume of solid phase. It differs from the over-all 
volume of the paste by the volume of the capillary space 
outside the gel. 
V, = volume of solid matter in the paste 
Vue = volume of unreacted cement in the paste 
n = ce of hydration product per ce of non-evaporable water 


(1) The total water in a saturated specimen can be divided into two 
categories: (a) that which has a specific volume less than 1.0; (b) that 
which has a specific volume equal to 1.0. All the water having a 
specific volume less than unity is called compressed water. It comprises 
the non-evaporable water and a part of the evaporable water. 


(2) The mean specific volumes of the total water contents were com- 
puted from the measured volumes of the saturated granular samples and 
the volumes and weights of the ingredients, assuming that the cement 
retained its original volume. 


(3) The mean specific volume of the total water in a saturated paste 
is given by the expression 
oF | 0.279 ~" 
Wy 
w,/W, can vary from zero to about 0.50. Hence, the mean specific volume 
of the total water varies from 1.0 as a maximum (w, = 0) to about 0.860 
as & minimum (w,/w, 0.50). Among different types of cement, 
W,/W, (Maximum) ranges from 0.47 to 0.51. 


(4) When w,,/w, about 0.50, the sample contains no capillary water. 
Hence, 0.860 is the mean of the specific volumes of the non-evaporable 
water and the gel water. 

(5) The mean specific volume of the gel water is estimated to be 
about 0.90; that of the capillary water is 1.0. 

(6) The bulk volume of the solid phase as a fraction of the over-all 
volume of the paste is given by the expression 
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Wn 0.860 


Ye tr + ag) Oe tor Oz VV, =) 


CU¢ c Ve 


For an average Type I cement, k = 0.255 and Vz becomes 


; ~~ Ww 
Ve = E + 5.5 ac v, 
a 


(7) The absolute volume of the solid phase as a fraction of the total 
paste volume is given as 


3 v, Ww 
ve= [ad Jew 
v% Cc 


(8) The ratio of the solid volume after hydration to the solid volume 
of the original cement, V,/(c v.), varies from 1.0 when w,/c = 0 to 
about 1.63 when w,/c is maximum. The upper limit is probably lower 
than 1.63 for cements coarser than those used in this study (1600 to 2000 
sq em perg and may be slightly higher for finer cements. 

(9) For pastes having original cement contents greater than about 
0.45 of absolute volume, the ultimate solid volume is about 


. = ).5 ).5 Ve 
V, 0.5 + 0.5 ct - Scr. S10 


(10) The extent of hydration in water-cured pastes having original 
‘cement contents below 0.45 by absolute volume is apparently limited by 
the relative amount of +40 micron particles in the original cement. In 
the richer pastes it is limited by the space available for the hydration 
products. 

>” * * * * 

For comments on some practical implications of the results, see the 

section immediately preceding this General Summary. 
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prepared by the Institute's Reviewers 


Sea defenses on the Lincolnshire coast 
Concrete and Constructional Engineering, V. 41, No. 11, Nov. 1946, pp. 321-323. 
Reviewed by GLENN MURPHY 
Types of concrete sea walls existing and under construction at Mablethrope and 
Sutton-on-Sea are described. Repair of other existing sea walls with reinforced concrete 
construction is being undertaken. 


Design of precast reinforced concrete frames 
Cuas. E. Reynoups, Concrete and Constructional Engineering, V. 41, No. 11, Nov. 1946, pp. 297-310 
Reviewed by GLENN Murpuy 
The author discusses the design and construction of three-hinged frames of precast 
reinforced concrete. Sketches of a number of typical designs are shown and general 


equations given for reactions and moments. 


Diagrams for designing reinforced concrete columns 
B. Witk18, Concrete and Constructional Engineering, V. 41, No. 11, Nov. 1946, pp. 316-319. 
Reviewed by GLENN Murpuy 

The author presents a nomograph for the design of reinforced concrete columns based 
on the assumption that the column cross section is square or circular, that the column 
is short so that the ordinary formulas for stress due to combined compression and 
bending apply and that no tension is developed on the cross section. The effect of spiral 
reinforcement is neglected. 


Recent developments in hyperbolic cooling towers 
Concrete and Constructional Engineering, V. 41, No. 11, Nov. 1946, pp. 311-315. 
Reviewed by GLENN Mourpuy 
teinforced concrete cooling towers of hyperbolic section have been erected at Vaal 
Power Station in South Africa and at Hams Hall near Birmingham. The latter are the 
largest hyperbolic towers in the world, being 320 ft. high and 220 ft. in diameter at the 
base. They are designed for normal circulation of four million gallons per day. Several 


other hyperbolic towers which have been built or are under construction are described. 
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Properties of assorted lightweight aggregate materials 
Corwin D. Witison. War Production Board Report, Nov. 30, 1944. 
Reviewed by Dove as E. Parsons 

The report describes an investigation to determine the specific weight and the com- 
pressive and tensile strengths of mixtures of portland cement and a large number of 
different varieties of both organic and mineral types of lightweight aggregates. Most of 
the organic aggregates were fibers. The investigation may be considered as an explora- 
tion of the field, and it did not lead to conclusions that might be applied directly in the 
selection of aggregates either for machine-made products or for field construction. 


Results obtained and experiments made in asphalt subsealing 
H. L. Coorer and W. R. Sovertne. California Highways and Public Works, V. 24, No. 9, 10, September- 
October, 1946. 
HigHway RESEARCH ABSTRACTS 

Since the article on ‘Asphalt Subsealing’”’ appeared in the May-June issue of Cali- 
fornia Highways and Public Works, improvements in the equipment, with more efficient 
methods of operation and more experienced crews, have increased the output and de- 
creased the cost of this type of work to a marked degree. Observations and experiments 
made since this work started in March, 1946, give promise that the use of hot liquid 
asphalt pumped under concrete pavements in order to reduce slab movement and 
eliminate the pumping condition and also seal the pavement from the bottom side will 
prove a sound and worthwhile procedure. 


Structural precast reinforced concrete 
K. Bria, issued by Cement and Concrete Association, (London) Dec., 1946. 
AUTHOR'S SUMMARY 

In the first part of the book two main problems are dealt with: that of the proper 
balance between precast and in-situ work, and that of the construction of joints be- 
tween the units. In many instances precasting was a financial failure due to the fact 
that the costs of handling and transport of the units exceeded the savings derived 
from mechanized production and increased speed of construction. Precasting has 
proved to be a great success in the Soviet Union where many large factories are erected 
with prefabricated units in combination with concrete cast in situ. Light units are 
manufactured in workshops well equipped with machinery; heavy units are precast on 
the site; and when all are placed in position the balance of concrete required is cast in 
situ, the prefabricated units forming the supporting means and molds for the in-situ 
concrete. 

An extensive survey is made of joints between beams, columns and corner connec- 
tions of framed structures. Reinforcement welded joints, rigid metal joints and joints 
made by structural concrete cast in situ are discussed and illustrated. Results of full 
scale tests of concrete splices made by the Russian Building Research Station are re- 
ported. Examples of industrial buildings include descriptions of a number of factories 
built under severe winter conditions in Russia, and factories erected in England and on 
the Continent during the war. Multi-story buildings are illustrated including a com- 
plete design of a block of flats, followed by a survey of precast housing and various 
types of stairs. 


Descriptions and illustrations of typical structures used on railways, in agriculture, 
for bridges, arches and roofs; in water works and for ships and floating structures are 
included. The production of pipes, poles, piles, blocks and slabs is described briefly. 
The subject of prestressing is considered briefly with illustrations. The book concludes 
with a discussion of molds and of the treatment of concrete by spinning, vibration, 
pressure molding, steam and electro heating; and the treatment of the concrete surface. 
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CURRENT REVIEWS 715 


A qualitative test for cement-aggregate reaction 
4, R. ALDERMAN, A. J. Gaskin, and H. E. Vivian, Journal of the Council for Scientific and Industrial 


ee Ye eS ee ns Reviewed by H. S. MeIssNER 

This article describes a new and simple type of test, devised to indicate dangerous 
expansive combinations of cement and reactive aggregate. The test is based upon the 
distortion produced in a body undergoing differential expansion. A slab of mortar, 4 in. 
x 2in. x 4 in., is made in two \<-in. layers, using the same cement but different aggre- 
gates ineach layer. A nonreactive aggregate (Leighton Buzzard sand, used as a standard 
in cement testing) is used as a common layer in all specimens and the aggregate to be 
investigated is used in the other layer. Prospective aggregates are first crushed and 
sieved to 18-25 or 18-52 B.S.S. mesh and the mortar is prepared by mixing 15 g of 
cement, 30 g of aggregate with 714 ml of water. Specimens are cured at 70 F in their 
molds, within a moist cabinet for 24 hours, taken from the molds and stored in moist 
air in sealed containers held either at room temperature or at 110 F. Any expansion 
developed by a reactive combination of cement and aggregate manifests itself in warping 
of the slab, the appearance of which shows reasonably close correlation with the measured 
expansion of companion 10-in, bars containing the same reactive aggregate and cement, 
stored in moist air in sealed containers at room temperature. In one series, using 
cements of various alkali contents together with California reactive siliceous magnesian 
limestone, the test divided the cements into two groups; those having less than 0.40 
Na.O + K,0 as Na.O, and another group having a higher alkali content. When stored 
at the higher temperature, slabs made from cements of the high-alkali group developed 
spots, believed to be due to the formation of silicate gel, in two or three days, and most 
of them bent within a week. Slabs made from cements of the low-alkali group took six 
or more days to develop spots and, with one exception, showed no bending. The method 
was applied to many Australian aggregates with negative results in the majority of 
cases, which has been confirmed by subsequent measurements on companion expansion 
bars up to 1 and 2 years. Two opaline quartzite samples, however, gave responses in 
harmony with the expansions secured with bars. In no instances have bi-aggregate 


slabs given indications which were not substantiated by other observations. 


Volume changes in concrete during freezing and thawing observed 
by new dilatometric method 
National Bureau of Standards Technical News Bulletin, No. 354, October 1946. 
Hicgoway Researcu ABsTRACTS 

Moist concrete, when cooled slowly below the freezing point of water (32 F), may reach 
temperatures as low as 21.5 F before the water within the concrete freezes, but this 
supercooling is followed by abrupt increases in volume and temperature, as shown by 
recent investigations at the Bureau. Concrete exposed to weather and to low tempera- 
tures is subject to damage by freezing and thawing; this damage is due in part to volume 
changes that take place during the process. In order to determine the effects of the 
rates of freezing and thawing upon the volume changes (transient and permanent) of 
concrete, a method has been devised by Rudolph C. Valore, Jr., of the Concreting 
Materials Section. for making continuous observations of the volume changes, the 
first time that such a method has been successfully used in research on concrete. In 
this method, volume changes are indicated by the displacement of mercury from a steel 
dilatometer into a burette graduated in hundredths of a milliliter. The cylindrical test 
specimen (2 by 7.25 in.) with a thermoelement at its center, is sealed into the dilato- 
meter, and the entire assembly immersed in a liquid bath in which the temperature 
cycle of +40 to —20 to +40 F is traversed at various rates. 
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For air-dried concrete specimens the volume changes were found to be uniformly 
linear and independent of the rate of temperature change. Coefficients of linear thermal 
expansion of 6.0 x 10°° per deg. F were indicated for a concrete containing siliceous 
sand and 3¢-in. gravel, and six bags of portland cement per cu. yd. of concrete. Ip 
moist specimens of the same composition, departures from the linear volume-tem- 
perature relationship were ascribed to freezing or thawing of water within the capillary 
structure of the concrete. The contraction of a specimen during cooling was inter- 
rupted as the water froze, and expansion during heating was retarded as ice melted, 

When cooled slowly (10 F or less per hr.) moist specimens showed uniform con- 
traction to temperatures as low as 21.5 F, or 10 F below the normal freezing point of 
the water in the concrete. Following this apparent supercooling effect there was an 
abrupt increase in volume and temperature as water within the specimen began to 
freeze. When the temperature was gradually lowered after freezing had begun, the 
specimen again contracted uniformly, but at a greater rate than before freezing. In 
most cases the total contraction during the slow cooling from +40 to —20 F was greater 
for the moist than for the air-dried specimens, despite the abrupt increase in volume 
of the moist specimens as freezing began. 

The magnitude of this increase depended mainly upon the degree of moisture satura- 
tion of the concrete, the extent to which the specimen had been weakened by previous 
freezings, and the temperature to which the water in the specimen could be super- 
cooled before freezing. It was found that the degree of supercooling could be con- 
trolled by varying the period between freezing and thawing cycles during which the 
specimen remained unfrozen. Supercooling was virtually eliminated when this ‘‘re- 
covery” time before a cycle was reduced to a minimum, but it was at a maximum 
when this time exceeded 100 hrs. 

During the fastest cooling (+40 to —20 F in 30 min.) moist specimens showed 
smaller amounts of contraction than during the slow cooling. These contractions be- 
came smaller as the specimen was weakened with each succeeding fast cycle. In addi- 
tion, a rapidly cooled specimen maintained at —20 F showed shrinkage lasting for 
several days before reaching constant volume; whereas, when cooled sufficiently slowly, 
the specimen volume at any temperature during a given cycle was an irreducible mini- 
mum. The volume of a moist specimen was usually greater at the end of a cycle of 
freezing and thawing than at the start. The amount of this residual expansion for 
each cycle varied directly with the rate of cooling, the degree of supercooling, the 
number of cycles previously undergone by the specimen, and the degree of saturation 
of the concrete. The residual expansion varied inversely with the rate of thawing. 
On the basis of residual expansions, the combination of the fastest freezing and the 
slowest thawing appeared to be most destructive; and the slowest freezing (with a 
minimum of supercooling) combined with the fastest thawing, the least destructive of 
the treatments to which these specimens were subjected. No attempt was made to 
analyze stresses on the basis of transient volume changes and elastic properties for 
moist specimens as stresses so computed would be, in some cases, several times greater 
than the nominal tensile strength of the concrete. 
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FOREWORD 


This, the Sixth Annual Technical Progress Issue of the ACI Journal— 
the second of the postwar period, carries gratifyingly more advertising 
than any of its five predecessors, 16 + percent more than in 1946. 


Again the seller of goods and services in the field of concrete reaches 
the potential buyer with an opportunity for mutual benefit. The tech- 
nically trained engineer-buyer is still scornful of ballyhoo, alienated by 
overstatement and breezy generalities or by any highly imaginative 
sales promotion. The man responsible for sales is likely to be close to 
the advertising department. To what degree can commercial advertising 
“copy”? be made to read like engineering good sense? Could the sales- 
man’s claims be backed up with facts? 


The surprising facts of the Publications Committee’s experience are 
two: 1) The small percentage of “copy” submitted which has been 
sent back to its source with suggestions for revision, and 2) the willingness 
of advertisers, with a few exceptions, to meet the Publications Committee’s 
suggestions to reduce the ‘‘claims”’ for a product to statements which 
could be, at least partially, authenticated. Advertisers have seemed to 
see that claims for their products which put a severe strain on credulity 
of the intelligent reader just aren’t good advertising. 


Publications Committee critics are able to see that many claims which 
are a long way from under-statement still do not deceive anyone. They 
know and the ACI public knows, that sales viewpoint may be arrived at 
through over-rosy spectacles. Can the copywriter be expected to put 
out a message that is as completely qualified as the typical researcher’s 
well hedged conclusions! 


While ACI endorsement of the pages which follow is neither given 
nor implied, most of our advertising seems to be written against a back- 
ground of performance and with the knowledge that, in the long view, 
good business is done with authentic “straight talk’’. 
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TESTING EQUIPMENT 


FOR 


CONCRETE CONSTRUCTION 


Today’s construction projects classify their physical 
testing equipment three ways. One, testing ma- 
terials of construction in plant laboratories; two, 
testing as a means of concrete quality control in 
held laboratories; three, testing in place. 


The Baldwin Locomotive Works offers equip- 
ment for all three purposes: For materials of con- 
struction the 90,000# compression machine of 
Figure 1 is especially built for 2“ x 2” cubes, small 
cylinders and beams and will be found in use wher- 
ever compression testing of cement and concrete 
cubes and cylinders is practiced. 


Figure 2 is a typical 400,000# universal testing 
machine installation for plant laboratory service, 
firted with the Emery capsule and the Tate-Emery 
null method multi-range dial indicator. This 
machine is designed for testing concrete in com- 
pression and reinforcing steel in tension. 


For field laboratories the 400,000# compression 
machine in Figure 3 is small, accurate and con- 
venient to handle. This is a single purpose machine 
of all welded plate construction with packless ram 
and Emery null method dial indicator which makes 
four revolutions of 100,000# per revolution. 





For dynamic testing of structures in place we 
introduce the Lazan Mechanical Oscillator of Figure 
4, useful not only for vibratory testing of a com- 
pleted structure to simulate service but for con- 
solidation purposes and any other use where high 
frequency mechanical vibrations will serve. 


















For experimental stress analysis in such struc- 
tures, SR-4 strain gages, Figure 5, are pre-eminent 
and can be used in many ways. Baldwin is ready to 
furnish details on any of the above. The Baldwin 
Locomotive Works, Philadelphia 42, Pa. U.S. A. 
Offices: Philadelphia, Chicago, St. Louis, Washing- 
ton, New York, Boston, San Francisco, Birmingham, 
Houston, Cleveland, Detroit, Pittsburgh, Norfolk, 
Seattle. 


¥ LD 

> BALDWIN 
SOUTHWARK 
TESTING EQUIPMENT 
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MASTER VIBRATORY FINISHING SCREED 


© How it provides accurate strike-off and compaction in a single easy 


operation. 


© How it finishes over 6,000 sq. ft. per hour. 








Note. Hand-drawn Vibratory Finishing Screed. in the 
main photograph, control throttle at right end pro- 
vides easy regulation of vibrating speed. The small 
illustration above shows a 26’ Vibratory Finishing 
Screed working in California on a 25’ pavement strip 
of 11” thickness . . . and finishing strip in one pass. 
Pavers are 34-E single and 34-E dual drum. 

Master Vibratory Finishing Screed works only part 
time to take care of pavers’ output. Moves forward at 
6’ per min. One screed should handle two dual drum 
pavers for maximum efficiency on this type of strip. 
Reports indicate that finishing done by Master screed 
equals two screed type tamper-equipped finishing ma- 
chines obtaining better compaction and requires less 
cement finishers, 


x *k * 


Master 25’ Vibratory Finishing Screed, below on the 
job at San Bernardino, Cal. Note, Screed is attached 
to box spreader by two cables, 





PURPOSE AND RESULTS 
OBTAINED THEREBY 


Here, at last, is a machine so simple that the aver- 
age laborer with little mechanical knowledge can 
understand yet get desirable results never 
obtained before by other methods. The Master 
Vibratory Finishing Screed is so designed that 
through the application of vibration on concrete 
slabs, maximum density, strength and minimum 
surface variations are obtained. It also allows the 
placing of concrete with low water content, thereby 
gaining greater internal strength in the concrete 
structure. 

The Screed in striking off operation rests on 
pre-set forms or guides and leaves the surface of 
the slab with corresponding true alignment The 
Master Screed vibrates uniformly throughout its 
entire length up to maximum sizes built, assuring 
uniform compaction and eliminating the element 
of error due to labor. 


The light weight of the Master Vibratory Finish- 
ing Screed makes it satisfactory for manual opera- 
tion on such work as: Highways, concrete floors 
and other types of slabs; Airport runways, aprons, 
hangar floors; Warehouse floors; Dock decks: City 
Street paving; Sidewalks: Industrial plant drives; 
Canal inverts; Bridge decks; Concrete roofs: and 
many other applications. In addition, the Master 
Screed is the only highway slab finishing screed 
that can produce a true parabolic curve crown. All 
sizes of Master Screeds can be built for any type 
of crown or invert. 


DESIGN: The Master Vibratory Finishing 
* Screed is a simple, sturdy all-steel, 
vibrating strike-off screed, consisting of a steel 
Tee-shape and vibrating member spanning the 
slab, supported at either end by adjustable spring- 
mounted steel shoes which travel on the forms of 
guides between which the concrete is deposited. 
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Centrally located is a vibrating element securely 
fastened to the Tee section and driven by an 
air cooled gasoline engine or electric motor 
through a Master automatic clutch and Vee 
pelt drive. Vibrations are adjustable from 2000 
to 6400 per minute through the use of the en- 
ine throttle, thereby providing means of apply- 
ing the number of vibrations per minute that 
produces the most satisfactory results in the 
concrete being used. The spring-mounted end 
shoes are adjustable for various widths by close 
drilled holes in the main member (see diagram 
at right). 

The screed is furnished with Draw Ropes at 
either end for forward or backward movement. 
Generally on units up to 16 feet long, two labor- 
ers are all that are required. Longer screed 
may require up to four laborers. Weights have 
been reduced to the minimum, a 20 foot Vibra- 
tory Finishing Screed weighing 380 pounds and 
smaller sizes correspondingly lighter. Move- 
ment of the screed from one location to an- 
other is quickly made by use of the carrying 
handles furnished with screed. 





Gas or Electric Concrete Vibrators 
(Catalog No. 689) 


MASTER VIBRATOR FINISHING SCREED (Continued) 


MASTER COST -SAVING EQUIPMENT —FOR IMMEDIATE DELIVERY 


Pi 


ok al 


Hand Tools for operating from all 
Master Vibrators and BIG-3 
(Catalog No. 683) 








Vibratory screeds to finish slabs of 6 ft., 10 
ft., 13 ft., 16 ft., 20 ft., 25 ft., and 26 ft. are 
standard—longer lengths built to order. All 
standard screeds adjust down 7’ 6” from maxi- 
mum length, except VS-6 (6’ screed), which 
adjusts down 3’6”. More adjustment can be 
obtained by drilling vibratory beam in field. 


For further details write for Master Bulletin 596 





1. Adjustable ly mounted shoes. 
2. 2-way draw, 3. sy adjustment for length. 
4. Yoke for lifting. 5. Lifting handle. 
6. Remote engine control, 


[oe ae 
Ray a 





—— 


G-3 for Generation, 
Tool Operation and 
Concrete Vibration 
(Catalog No. 687) 








Portable Gas-Electric 
Generator Plants. Sizes 500 to 17000 
Watts (Catalog No. 594) 


% 


General Purpose 
Floodlights 


4 


**Power-Blow'’ Electric 
Hammer and Spade 
(Catalog No. 688) 





Gas or Electric 





‘*Turn-A-Trowel"’ 
for trowelling 
concrete 
Sizes 48'' or 34"' 

La 





(Catalog 
No. 685) 








Back-Fill Tampers 


Vibratory Concrete Finishing Screed. Sizes 6’ to 36’ 
(Catalog No. 699) 


(Catalog No. 596) 





Send for illustrated catalog on any item to 


MASTER VIBRATOR COMPANY 


DAYTON 1, OHIO 
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The above impression shown in wet cement clearly 
illustrates the greater mechanical grip made possible 
by the reversed double helical ribs of the Inland 


Hi-Bond bar. 





Helical ribs dovetail for 


high tensile strength and This Inland developed design permits greater use 
shorter overlap at splices. of steel’s potential strength in concrete construction. 
It also improves transfer of stresses, crack control 
and resistance to slip... advantages that will make 
sand 2+ ledata possible higher design stresses and thereby lower 

a 


construction costs, 
Write for a copy of the bulletin on Inland 


Hi-Bond bars. 


Hi-Bond ribs key into each 
other, hold firmly, stay an- 
chored, when crossed and 
wired. 







TEEL 


@ iniand Stee! Company, 38 South Dearborn Street, Chicago 3, Illinois. Sales Offices : 
Detroit, indianapolis, Kansas City, Milwaukee, New York, St. Lowis, St. Pau! 


OTHER PRODUCTS INCLUDE: BARS - STRUCTURALS - PLATES - SHEETS - STRIP 
TIN PLATE + PILING + FLOOR PLATE + RAILS + TRACK ACCESSORIES 

















TECHNICAL PROGRESS 





STEARNS JOLTCRETE No, 9 
11] pertect 8 x B x 


Makes 9 to 1G-in. block per minute 


Why STEARNS Leads 


Stearns has always pioneered new, im- 
proved, lower cost methods for manu- 
facturing better concrete masonry units. 
That's why more Stearns machines are in 
successful operation than those of any 
other manufacture 


The Stearns machines illustrated here will 
whip any concrete products production 
problem you may have. Make use of 
them. 


Literature describing any or all of the machines 
illustrated will be sent upon request. 


STEARNS MANUFACTURING CO., INC. 
ADRIAN, MICHIGAN 


EE ge 
er ee 2S ae | 
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One man handles 800 block per } 
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STEARNS CLIPPER STRIPPER 


Four models: manual feeding to all power 
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STEARNS SKIP LOADER 


For conveying concrete or dry materials 





»TEAKNS MIXER 


Ie goed tor the oncrete product pian 








LONE STAR PORTLAND CEMENT 
For concrete of outstanding durability in 
all types of construction. Highest quality 

ever since 1900. 





*INCOR’ 24-HOUR CEMENT 
America’s FIRST high early strength 
Portland cement provides service 
strengths in 24-hours—saves time, cuts 

form costs, speeds winter work. 


LONE STAR AIR-ENTRAINING CEMENT 
Air-entraining material interground with 
cement under controlled conditions as- 
sures satisfactory performance, in high- 
way work and other specific uses. 





LONE STAR MASONRY CEMENT 
Produces mortar with unusual prop- 
erties of plasticity, workability and 
water retention. For quality work and 

economical performance. 
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for Quality Construction 


QOLD-WEATHER 
CONCRETING 







TRENGTHS now produced by LONE 

STAR PORTLAND CEMENT at 7 days 
exceed 28-day strengths of the 1920’s—and 
strength is indicative of overall concrete qual- 
ity. This is the result of consistent product 
research and progressive manufacturing 
methods. Similarly, intensive research and 
continuing study of problems in the field 
have been responsible for the introduction 
of other Lone Star Cements: 


Watertight 
Concrete | 


Over 16-million barrels of ‘INCOR’* with ‘INCOR’ 24-Hour Cement 
24-HOUR CEMENT—America’s FIRST high 
early strength portland cement—have already 
gone into use, with outstanding results in 
all types of work. 

LONE STAR AIR-ENTRAINING CEMENT, 
backed by years of laboratory research and 
eight years’ field performance in highway 
work and other specific uses. By intergrind- 
ing selected air-entraining material with the 
cement under carefully controlled conditions, 
satisfactory field performance is assured. 


LONE STAR MASONRY CEMENT, result of 
ten years’ laboratory and field research, pro- 
duces mortar with unusual properties of 
plasticity, workability and water retention. with INCOM 


Lone Star Cements cover the entire con- 
struction field and assure utmost quality from 
shipment to shipment, due to rigid labora- 
tory contro] at every stage of manufacture. 


Lone Star Cement Research Laboratory fur- 
nishes up-to-date technical data. Write near- 
est office for booklets illustrated at right. 

*Reg. U.S. Pat. Off 





LONE STAR CEMENT CORPORATION 


Offices: ALBANY + BETHLEHEM, PA. + BIRMINGHAM + BOSTON + CHICAGO + DALLAS + HOUSTON + INDIANAPOLIS 
JACKSON, MISS. + KANSAS CITY, MO. + NEW ORLEANS + NEW YORK + NORFOLK + PHILADELPHIA + ST. LOUIS - WASHINGTON, D.C 


LONE STAR CEMENT, WITH ITS SUBSIDIARIES, 1S ONE OF THE WORLD'S LARGES!] 
CEMENT PRODUCERS . . 15 MODERN MILLS . . 25,300,000 BARRELS ANNUAL CAPACITY 
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KALMAN 


ABSORPTION-PROCESS 








Cross Section of Kalman Floor Topping, 
Showing Uniform Distribution of Aggregate and Density 


THE KALMAN FLOOR—A GRANOLITHIC CEMENT FINISH 
FLOOR TOPPING. Laid by the Kalman Floor Company using the 
KALMAN ABSORPTION PROCESS. 


The Kalman Floor Company has for 28 years pioneered and specialized 
in the development and installation of Granolithic Cement Finish Floor 
Topping and has during this period maintained continuous leadership 
in the field through scientific research and experiments. 


KALMAN FLOOR COMPANY 


INCORPORATED 
110 EAST 42ND ST. NEW YORK 17, N. Y. 
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FLOOR 


CEMENT-FINISH 





The Kalman Absorption Process 





A practical method of installing on a commercial basis a theoretically 
correct low-water concrete topping. This method, combined with the 
skill and knowledge of the men doing the work and subjecting all materials 
to Laboratory test for analysis, gradation and soundness, plus a con- 
stantly growing skilled personnel and improvement in equipment has 
consistently produced a uniformly hard wear-resisting floor, free from 
disintegration and dusting and of a maximum density, evenness of texture 
and unexcelled durability. 


Adaptability 





Over 200,000,000 Sq. Ft. of Kalman Floors have been installed through- 
out the United States in practically every type of Industrial, Warehousing, 
Institutional, Commercial and School buildings and is readily adaptable. 
(For further information, see Sweet's Architectural Catalog. A. |. A. 


File No. 4i 3.) 

OFFICES: 
NEW YORK CHICAGO BOSTON 
LOS ANGELES PHILADELPHIA CHARLOTTE 


SEATTLE CLEVELAND DAYTON 
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Owners, architects, engineers and general contractors know that build- 
ings rest safely on Raymond Concrete foundations. That's why for almost 
half a century on projects all over the world Raymond Concrete Piles 
have been used again and again—to provide safe subsurface support 


that is dependably permanent. Your inquiries receive prompt attention. 


THE SCOPE OF RAYMOND'S ACTIVITIES 


includes every recognized type of 
pile foundation—concrete, compos- : 
ite, precast, steel, pipe and wood. 
Also caissons, construction involv- 


ing shore protection, ship building 
facilities, harbor and river im- 
provements and borings for soil in- 
vestigation, 
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Restore the Old-- 
with Build the New-- 


INTRUSION-PREPAKT 


INTRUSION PREPAKT 


Pressure-filling of spaces within Concrete made by packing forms 
masonry and concrete structures, with coarse aggregate and then 
foundations, and riprap with ce- 
ment-base binding paste, to solidify 
the mass. 


solidifying by intrusion. 





Fine seams in sandstone of ashlar masonry As mortar is pumped in from below, spaces 


dam filled by intrusion. Mortar joints are in  prepacked coarse aggregate become 
likewise solidified. completely filled. 


APPLICATION 


These processes have been successfully used for years on 
hundreds of projects including 


PIERS WALLS DAMS 
FOOTINGS VIADUCTS BREAKWATERS 
ARCHES TUNNELS ROCK FILLS 





& 
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BRIDGE PIERS 


Scour of stream beds, abrasion by floating debris and ice, and weather- 





ing tend to damage bridge piers by causing inadequate support, unequal 
settlement, reduction of cross-section, and loss of mortar from joints. 
Each pier requires special treatment, but all are capable of being restored 
and protected against attack, through the combined processes of intrusion 
and prepacking as required. Typical cases are illustrated in the photo- 
graphs below, together with a 
drawing showing various means 
of repair which have actually 
been used with success. By jack- 
eting with Prepakt, it is possible 
even to increase the strength and 
stability of the pier beyond its 


original capacity, to provide for 





the heavier loads of modern 
Typical restoration of abutment and wing wall. —_s 
Bridge seat and disintegrated stones replaced with . ‘ 
Prepakt. Interior of masonry intruded down to 


bed rock. 








' 
. ° o a t 
~~ IR, Gravel, Footing Deepened and Eniarged 
p ; ; | with Prepak?t or by Intrusion ' 
Scour of river bed exposed timber grillage and piles Seine Gee Se a Sneha men a Ne 7 


supporting pier. View shows pier ready for Composite sketch from various jobs, 
jacketing with Prepakt, after interior has been illustrating restoration and strengthening 
solidified by intrusion. of pier. 





te 
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BREAKWATERS 


Breakwaters, sea walls, rock fills, dams, and gravelly soil bases have 
been stabilized by intrusion to form monolithic structures. Impervious 
blankets are provided wherever the full thickness of the structure need not 
be solidified. 


An outstanding example of this type of work is illustrated below. A sea 
wall subjected to heavy tides, up to 14 ft., and severe storms was periodi- 
cally washed out and required extensive repairs. To stop this condition 
and to provide permanent protection to the embankment, the upper por- 
tion of the rock fill, 3 to 5 ft. thick, was packed with coarse aggregate and 
was intruded to form a solid blanket. The cut-off wall was intruded to a 
depth of 8 ft. The work was accomplished in two construction seasons. 
During the winter between seasons, severe storms and tides washed out 
part of the untreated rock fill, but left the treated portion entirely 
undamaged as shown. 


Similarly, an earth fill dam is being treated by flushing out the finer 
fraction of soil and intruding the gravel. 
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Completed portion of sea wall. Note (in Untreated portion washed out by storms; 
foreground) aggregate used to fill interstices of ahead j iC 
larger stone, and wooden plugs projecting “C™ portion undamaged. onstruction 


from vertical intrusion pipes. was completed during following year. 
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STRUCTURES 


Repairs to viaducts, retaining walls, dams, tunnels, and reservoirs have 
been made by specialized application of the basic processes—intrusion and 
prepacking. The relatively low shrinkage of Prepakt, due to the initially 
close contact of pieces of aggregate, minimizes differential shrinkage and 
assures monolithic action. Durability of structures is being proved re- 
peatedly by actual service conditions. As for ordinary concrete, strengths 
may be regulated as desired; usually the compressive strength of Prepakt 
as obtained from test cylinders and cores is of the order of 4000 psi. 


An example of structural repair is illustrated below. Binding of the 
expansion slide-plates of a long viaduct had caused cracking of numerous 
reinforced-concrete girders at the section of maximum shear. The broken 
ends were cut away and were rebuilt with Prepakt. 





End of girder, broken off by binding of ex- Damaged section replaced with Prepakt. 
pansion plates, cut away and ready for Tight bond to old concrete enables contact 
restoration. surface to carry heavy shear. 


For Restoration 


INTRUSION-PREPAKT, Inc. 


For New Construction 


THE PREPAKT CONCRETE CO. 
Union Commerce Bldg., Cleveland 14 
309 W. Jackson Blvd., Chicago 6 
263 Union Station, Toronto, Ont., Can. 


Methods and Materials Patented 


See Also Preceding Three Pages 
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Made on Besser Automatic 
PLAIN PALLET VIBRAPAC 


To the BEAUTY and PERMANENCE 
of Besser Vibrapac Block must be added 
the VERSATILITY of this modern 
building material. Its many new and 
BESSER Vibrapac BETTER distinctive designs can be applied equal- 


Concrete Masonry Units in 


the Hands of Skilled Archi- ly well to any structure. Vibrapac con- 
tects and Builders Have Be- trol of block density and texture permits 
come in Effect a New Build- _ 2) manufacture of units required for in- 
ing Material. s 


ae sulation, soundproofing and accoustical 
— control, The durability and design of 
Besser-made concrete units stand as a 
building beacon to architects and build- 
ers throughout the world, 
* 


Besser Super Automatic Plain Pallet Vibra- 
pacs make three, 8 x 8x 16” block at a time 
on one plain pallet. Capacity, 600 units per 
hour. Smaller units in larger multiples on 
the same pallets. Besser Vibrapacs offer the 
maximum in quality and production at a 
minimum in operation cost. 








Besser Super Automatic Vibra- ~ 


pac equipped with Power Off- ra 
> bearing Hoist. * 
heed 
cay 


MFG.CO.,902 46‘ ST., ALPENA, MICH. 








Complete Equipment for Concrete Products Plants 
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JACKSON VIBRATORS 


For each and every purpose to which Vibrators are applicable in the concrete indus- 
try, we are confident we can supply the equipment that will give you not only the 
best and fastest placement, but also the maximum of dependability and trouble-free 
service. Pioneers and outstanding developers of vibratory equipment, our complete 
line includes internal and external vibrators for: General Construction * Light 
Construction * Mass Concrete Dam Construction « Hard-to-get-at Places * Form 
Vibrating * Floors, Streets and Highways * Pipe Manufacturing * Movement of 
Materials — Vibratory Tables, etc. Drop us a line for the best solution to any 
concrete vibrating problem. 


JACKSON HEAVY-DUTY 
VIBRATORY PAVING TUBE 


For speedy full width highway and airport con- 
crete paving. Up to 25 feet widths. Submergible 
dual tubes energized by powerful vibratory motors 
quickly transform harsh mixes to plastic state. 
Assures complete compaction — easy finishing. 
Cement savings up to 10% through reduction in 
W/C ratio. Attaches to any modern finisher. 
Variable frequency 3000-5600 V.P.M. Hydraulic 
lift. Grouped controls. 





HS-Al HYDRAULIC CONCRETE 
VIBRATOR 


This is a general purpose machine of the internal 
type adapted to a wide range of applications. 
Operated by light oil pumped through hose line 
34 feet long to hydraulic motor in vibrator head. 
Valve on power plant adjusts frequency desired, 
from idling to top speed of 7200 V.P.M. All 
moving parts in the hydraulic medium (oil). 
Vibrator head 234” diameter, standard, gas en- 
gine, air cooled 4.7 H.P. A general favorite be- 
cause of its wide range of application and low 
maintenance. 





JACKSON PORTABLE POWER 
PLANTS 


A new high in dependable portable power is now 
available in Jackson postwar Power Plants havin _ 
permanent magnet generators in which all us 
maintenance is eliminated except lubrication. 
Especially designed for severest service under 
continuous operating conditions. Simple, rugged 
construction and design, stripped of fussy control 
gadgets. Run all Jackson Wileelees. for lights, 
and all types of contractor’s power tools. One 
to 7.5 KVA sizes available. 


ELECTRIC TAMPER & EQUIPMENT CO., 
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ine that Solves Ey 
Use po fe Vibrator Probe’ 










us- 

2 to BEST Advanta 
lete 

FS-6A GAS-DRIVEN, FLEXIBLE 

- of SHAFT CONCRETE VIBRATOR 

any For placing concrete in wall, column and slab 


sections of ordinary size. The smaller vibratory 
head is exceptionally well adapted to concrete 
placement in thinner sections. 3 H.P. air-cooled 
gas engine. Automatic clutch, V-belt drive. 
Countershaft has oilite bearings. Turntable base, 
dirtproof. Optional wheelbarrow with drop down 
lifting handles. Flexible shaft drive. Vibrator 
— head 234” diameter x 1814” long or 1!%,_” x 17”. 
ible Frequency 7000 to 7200 V.P.M. variable with 


a length of shaft, size of head, and concrete 
n : consistency. 


nin FS-7A ELECTRIC-DRIVEN, FLEXIBLE 


her. 
walic SHAFT CONCRETE VIBRATOR 
A truly general construction vibrator which be- 
cause of its exceptionally powerful but lightweight 
E motor, will operate any of our standard vibrator 
heads (234”x 1854"; 119" x 1674"; 11516” x 1034”) 
with shaft lengths of 24”, 36”, 7’, 14 and 21’. 
Universal motor, operates on 115 Volt A.C. or 




















nal D.C. and will deliver 7000 to 10,000 V.P.M. 
ions. depending on the consistency of concrete, head 
line and length of shaft employed. Does the work of 
~~ many large vibrators. 

ired, 

All ELECTRIC VIBRATORY SCREED 
oil). SC-200 

en- 
. be- Self-propelling tendency in forward direction. 
low Second passes made by simply rolling back neces- 


sary distance. Gets right up to walls. Stands 
upright by itself. Double handles for two-man 
operation; crossbar furnished for one-man han- 


< dling of screeds not longer than 9 ft. Operates on 

now commercial power or 
vin weeiag 4 from Jackson 
1S ower Plant of variable 
ition. speed — provides quick 
inder change of vibratory fre- 
gged quency to handle wide 
ntrol range of concrete mix 
-~ and placing conditions, 

ne 


assuring thorough 
puddling. 


> |\LUDINGTON, MICHIGAN 
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Improving the quality of Concrete 


(1,2) in paving operations 
(3) in transit mixing 


1: Remixing on the sub-grade, by compacting spreader screw: 


Comparative tests by highway engineers 
of various States have proved conclusively 
that the Jaeger method of screw-spreading 








concrete produces a more uniform, denser 
and, therefore, longer wearing slab. 


By its thoro and positive re-mixing and 
inter-mixing of piles dumped on the sub. 
grade, both the segregation of coarse 
aggregates in the batch and the variations 
between different paver batches are elim. 
inated; badly placed batches are redis. 
tributed to leave a uniform spread of 
material ahead of the finishing machine, 
with material placed so solidly agains 
the road base and side forms as to elim. 
inate the honeycomb problem and the 
entire mass compacted to weight and 
density approaching that of vibrated 
concrete. 


As one prominent engineer states: “It has 
been demonstrated that the quality of 
concrete can be improved and at the same 
time cost of production to the contractor 
can be reduced.” 

It seems logical to expect that re-mixing 
on the sub-grade will be specified where 
it is desired to insure highest strength, 
longest life pavements. 








‘ 
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a: Fast finishing of quick-setting and air-entraining cements: 


The spreader-finisher “‘team’’, originated 
by Jaeger, which made it possible to lay 
stiff, vibratory concrete at the dual-drum 
paver pace, also equips road builders to 
handle quick-setting and air-entraining 
cements. 


Under hot, windy or dry air conditions, 
the Jaeger paving “team” provides the 
spreading and finishing capacity needed 
wo keep close behind big pavers and com- 


plete the job before drying hinders a 
satisfactory finish. Also, an exclusive 
feature of the Jaeger finisher is that screed 
speeds are independent of traction, per- 
mitting use of fast screeding speeds which 
have been found necessary to prevent 
tearing when the surface is oulliclentie 


harsh and dry. 


Several types of vibratory equipment can be 
supplied to meet different job conditions. 


i: Solving problem of water distribution in truck mixers: 


In high discharge truck mixers, where ™ 
water bells must be located at the lower 
end of the drum in order to reach the large 
mass of the material, water distribution 
becomes seriously retarded by _ back- 
pressure from the material and clogging 
of the bells with built-up grout. This 
results in insufficient mixing, particularly 
on short hauls, since the required mixing 
period cannot start until the specified 
amount of water has been introduced. 


Jaeger has solved this long-standing prob- 
lem by means of a clog-proof jet, operated 
by positive pressure from a Jaeger pump. 
Delivery of batch water is always fast, 
positive and complete, insuring thor- 
oughly mixed and uniform concrete even 
on shortest hauls. 


Use of pump also eliminates the old over- 

tank in favor of tank mounted solidly 

A the main frame of the truck mixer 

fe it is protected from distorting 

itesses which affect the accuracy of water 
Measurement. 


THE JAEGER MACHINE COMPANY, COLUMBUS, OHIO 





Water under pressure opens check valve 
(V) to enter chamber from which it 


escapes thru series of ports (P). Pressure 
distends rubber sleeve (S), releasing water 
at bell end in a penetrating spray. When 
pressure stops, the tight-fitting sleeve 
contracts, instantly sealing bell end and 
chamber ports against grout. 








Fuller-Kinyon Type H Stationary 
Pump with direct-connected Fuller 
Rotary Compressor, which furnishes 
air to the pump. 





Fuller Rotary Air Compressor which 
supplies air to the Fuller-Kinyon 
Unloader. 





Fuller-Kinyon Type C Unloader un- 
loading cement from barge and convey- 
ing to storage. 
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Contractor Uses 


FULLER-KINYON PUMPS 


and 


FULLER COMPRESSORS 


All the cement and limestone dust used 
by a large contractor on East River 
Drive, Brooklyn, N. Y., is handled by 
Fuller equipment. 


Ready-Mix Plant: Bulk cement is re- 
ceived at the plant in barges. Cement 
is unloaded and conveyed, in one op- 
eration, by a Fuller-Kinyon Type C 
Remote-Control Unloader to storage 
bins, for future use, or direct to batcher 
for immediate use. Air for conveying is 
supplied bya Fuller Rotary Compressor. 


Asphalt Plant: Limestone dust is con- 
veyed from a pulverizer by a Fuller- 
Kinyon Type H Stationary Pump to 
storage bins in the plant. A Fuller Ro- 
tary Compressor also supplies air for 
this operation. 


Many ready-mix and asphalt plants 
have found it advantageous to use Ful- 
ler equipment. Fuller-Kinyon Pumps 
of the stationary type are used for un- 
loading materials from hopper-bottom 
cars, or the Fuller-Kinyon Remote-Con- 
trol Unloader for unloading from box 
cars or barges. Fuller Rotary Compres- 
sors are generally installed as a means 
of supplying air. Due to low pressures 
required by the system, they are direct 
connected to the pump by flexible con- 
nections or piping, no receiver or after- 
cooler being necessary. In other words, 
“spotted” for use where and when air 
is needed, and at pressures to do the 
work most economically. 


G-48 





FULLER COMPANY, FULLER BLDG , CATASAUQUA, PA. 


CHICAGO 3 
120 SO. LASALLE ST. 


WASHINGTON 5, D. C. 
COLORADO BLDG. 


SAN FRANCISCO 4 
CHANCERY BLDG. 
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HAYDITE 


The Superior Lightweight Aggregate 











Consider carefully the above advantages in using haydite in the 


manufacture of these or other concrete products now in demand. 
Building Units - Joists - Lintels - Silos - Roof Slabs - Floor Slabs - 
Burial Vaults - Bath Tubs - Fence Posts - Laundry Trays - Tanks - 
Manhole Covers - Refractory Castables - Bridge Floors - Structural 
Concrete. Write the haydite manufacturer nearest you for com- 


plete information. 





JOHN H. BLACK COMPANY HYDRAULIC-PRESS BRICK COMPANY 
505 Delaware Avenue Central National Bank Building 
Buffalo, New York St. Louis, Missouri 


THE CARTER-WATERS CORPORATION HYDRAULIC-PRESS BRICK COMPANY 
South Park, Ohio 


2440 Pennway 

pe THE McNEAR COMPANY 
San Rafael, California 

THE COOKSVILLE COMPANY LTD. 

46 Bloor St. W. WESTERN BRICK COMPANY 


Toronto, Ontario, Canada Danville, Illinois 
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THE KELLEY METHOD DELIVERS A 
SURFACE—CREATES A SAVING IN 





The Kelley Compactor Power Float at work on dry topping thirty minutes after 
placing. The weight of the machine, plus the action of the compactor hammers 
and the rotating of the disc, compacts and floats out the topping to a smooth, level 
surface, bringing just enough mortar to the surface for the troweling operation. 


LEADING AUTHORITIES RECOMMEND AND SAY THAT: 


Low water-cement ratio mixes using graded aggregate give high strength, water tightness 
-resistance to wear—prevent segregation and allow leaner mixes 


Lean mixes of low water content have less shrinkage than rich mixes of high water content 


A concrete wearing surface using this mix has the coarse aggregate in the surface to take 
the wear; eliminates dusting caused by excess water bringing fines to surface and eliminates 
cracking and crazing caused by water shrinkage and excess fines. 


KELLEY ELECTRIC MACHINE COMPANY 
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SUPERIOR WEARING CONCRETE 
LABOR AND CEMENT COSTS 
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Wear of Seven Sample Segments of Test Floor 
Reference: Journal of American Concrete Institute, Nov.-Dec. 1934 & Sept. 1938 
MIX No. 2—-Leanest in cement content— best wearing qualities. 


MIX No. 4--Richer in cement content and 12°; more fines passing 50 mesh sieve 
poorest wearing qualities. 


The coarse aggregate at surface takes the wear. 
Excess fines and cement lower wearing qualities. 


The Kelley Compactor Power Float provides a mechanical means for working the recom 
mended harsh, dry mixes and delivers a dense, durable, level, dustless hard-wearing surface 
at a saving in labor and cement costs. ‘The rotating disc moves the material and delivers an 
even, floated surface. At the same time, the weight of the machine, plus the 1200 per minute 
hammer blows break down the bridging of the aggregate, drive out impacted air and densify 
the mix throughout its thickness without segregation, leaving no room for shrinkage—the 


cause of cracking 


lhe Kelley compactor Power Float is built in both Gasoline and Electric Models for all 


types ol concrete wearing surlaces: 
FLOORS DRIVEWAYS PAVEMENTS ROADS 


Booklet, “Concrete Facts about Concrete loor l‘inishes’” and full information sent on 


request. 


BUFFALO, (Zone 17) 287 Hinman Ave. NEW YORK 
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TO HELP YOU BUILD BETTER, 
FASTER AT LOWER COST 


Here are some facts about UNI-FORM Foundation Panels 


Fact 1. You save time when you form with them. UNIJ- 
FORM Foundation Panels employ a simplified 
method of assembly, are light enough for one man 
to handle, are faster to erect, easier to strip and 
require alignment on one side only. 



















Fact 2. You save material when you form with them 
They are ready to use... every Panel can be re- 
used from 75-100 times before replacement of ply- 
wood is necessary. The rigid, all-metal welded 
frames are virtually indestructible. 

Fact 3. You save money when you form with them. The 
low material cost (less than 2'¢ per square foot of 
form area) and long life of UNI-FORM Founda- 
tion Panels makes them the most economical, 
most practical prefabricated forms you can use. 


Fact 4. You can pour better concrete with them. The 
UNI-FORM Tie locks the Panels together to pro- 
vide tight joints, accurate forming and spreading 
Positive alignment assures straight walls of 
uniform thickness. 


Fact §. There are no extras for you to supply. The UNI- 
FORM System of Foundation Forms is complete 

everything is included. Panels are 2’ wide and 
come in 6’, 7’ and 8’ lengths 


~ 
WRITE TODAY FOR 

DETAILS. THEY'RE 
READY FOR YOU. 











Universal 


FORM CLAMP CO. 
Founded 1912 
Concrete Form Specialists for 34 Years 
1246 North Kostner Chicago 51 


Dealers in All Principal Cities 
\ Better Service Wherever You Build 
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The ultimate in pneumatic placing of concrete! Simpler... faster... more 
economical! Model 200 illustrated uses separate compressor. Model 200C 
has 240 cubic ft. compressor built in. Both have the same capacity—4-speed 
transmission—Ist, ' cu. yd. per hour for sand blasting. 2nd, 14% eu. yds. 
per hour for swing seaffold work. 3rd, 3% cu. yds. per hour. 4th, 4% eu, 
yds. per hour. Write for Bulletin. 


CONSTRUCTION MACHINERY COMPANIES 
WATERLOO, IOWA 


Makers of Mixers... Batching and Placing Equipment... Carts... Hoists 
... Pumps... Power Saws... Electric Generators! 
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the GRID SYSTEM 





ADDITION TO PHILCO PLANT, PHILADELPHIA, PA. 
SHOWING INT. PANELS 39’-0" x 38'5’ 
Faisant and Kooken, Consl. Engrs. Jack S. Steele, Co. Cont’r. 


of 


CONCRETE 
CONSTRUCTION 


A new and extremely econo- 
mical form of flat slab con- 
struction for floors and roofs 
cast on removable steel domes. 
It gives increased strength, 
lower weight, and lower cost, 


The GRID SYSTEM is used in two general types of two way slab construction, 
namely, where the two way GRID slab is supported by marginal beams or walls, 
and where the GRID slab experiences flat slab action. The same bending moments 
are used as would be used for two way solid slabs. The reinforcement for positive 
moments are placed near the bottom of the ribs instead of at uniform distances as 
is the case in solid slabs. In the GRID slab with flat slab action the dropped 


panels are often omitted. 


WOOD FORMS: The removable 
steel domes may be supported by 
boards or planks spaced about two 
feet apart. Since the flanges butt 
together and are amply strong to 
support the ribs at right angles 
to these supports, there is no 
need of any filler boards. Where 
dropped panels are omitted, there 
is a further substantial saving in 
lumber, carpenter labor and time. 


STEEL DOMES: The size of the remov- 
able steel domes is shown in the illus- 
tration. The two depths of the 16 gauge 
removable steel domes are furnished, an 
8” deep dome which displaces 14% cubic 
feet of concrete, and a 4” deep dome dis- 
placing 0.7 cubic feet. The 8” dome with 
a 21%" concrete topping has an equivalent 
thickness of a 6” solid slab, but has an 
effective depth of about 9”. The 4” dome 








with a 2” concrete topping has an equivalent thickness of a 34%" solid slab,” but 
has an effective depth of about 434”. 
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The GRID SYSTEM effects a saving in 
wooden centering, reinforcing steel, ' T 
amount of concrete, supporting beams and fi a ak 
columns, foundations and time of com- \ 
pletion of building. 








joao 9 square Po 
SAVINGS: Savings in lumber where the | 22" spuare 4 
GRID open centering is used amounts to 

one board foot of lumber per square foot of area. As concrete does not come 
directly in contact with the formwork, the greater amount of lumber can be 
reused. 


On account of the decrease in dead weight and the increase in the effective depth, 
savings in reinforcing steel in the GRID SYSTEM over the solid slab often amounts 
t015 to 20 percent. Where the straight 
bar method is used, there is the omission 
of the cost of bending and the advant- 
age of shipping or trucking and the 
placing of comparatively short straight 
bars. The special GRID stirrup units 
made from welded steel fabric give a 
very rigid basket where required to take 
care of shear. 

Savings in concrete shown by compara- 
tive designs between the GRID SYSTEM 


and the solid slab is usualy between 25 
and 35 percent. 





Since there is less material such as lumber, reinforcing steel, and concrete to be 
brought unto the job and placed in the building, the time of completion is ad- 
vanced very definitely. The owner is permitted to occupy his new building sooner. 


Further savings are made when the GRID ceilings are left exposed which makes 
the cost of structure compare favorably with 2nd class or mill construction. The 
underside or soffit of a structural concrete floor slab can be given an acceptable 
appearance by use of the GRID DOMES. Such treatment contributes to economy 
in cost and avoids danger of falling plaster. 


The GRID SYSTEM 


PATENTED 


LABOR LONGER SPANS 
CONCRETE BETTER LIGHT 
5 STEEL DISTRIBUTION 
aves «(FOUNDATIONS Gives BETTER ACOUSTICAL 
es COLUMNS PROPERTIES 
DANGER OF STRUCTURAL 
FALLING PLASTER TEXTURES 


GREATER STRENGTH — LESS WEIGHT — LOWER COST 
GRID FLAT SLAB CORPORATION 


#61 DUDLEY STREET - - BOSTON, MASSACHUSETTS 
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2 Buste,» 


On Every Coatrete 
Placing Job 


{altNIBRATOR 


REG.U.S. PAT. OFF 


_ Savings you can count on with a Mall Concrete 
Vibrator (1) Save sand, water and cement by placing 
a stiffer mix (2) Avoid hand patching by eliminating 


honeycombs and voids (3) One man 












places more concrete faster than five TIRE 7 
hand puddlers (4) Stiffer mix hardens aim nose 
faster permitting earlier stripping of THROTTLE 






forms—and the release of forms for next 
job (5) Do the job faster (6) Variable 
speed gasoline engine operates 8 other 
tools for Surfacing, Wire Brushing, Form 
Sanding, Drilling, Grinding, Sharpening 
Tools etc. 114 H.P. and 3 H.P. Gasoline 4 ES 
Engine, 1'4 H.P. Electric and 7500 r.p.m. / — 

Pneumatic Units available. CONCRETE VIBRATOR AIR MOTOR | 


7500 r.p.m. PNEUMATIC MODEL. For placing 
concrete in tunnels, caissons, and other deep 
construction. All parts renewable in field and 
no special tools are required. Has twist handle 
throttle for easy operation. 


MALL CONCRETE VIBRATOR POWERED 
WITH 3 H.P. GASOLINE ENGINE. _ Delivers 
7000 vibration frequencies per minute. Has 
variable speed, single cylinder, four cycle, air 
cooled gasoline engine. Wheelbarrow type 
mounting provided. 


MALL 1% H.P. UNIVERSAL ELECTRIC 
VIBRATOR. Delivers 9000 vibration fre- 
quencies per minute under load. Like other 
MALL units, it is available with 14 ft., 21 ft., 
or 28 ft. of flexible shafting. 


MALL TOOL COMPANY, 7703 South Chicago Avenue, Chicago 19, Illinois 


@ Offices in 
Principal 
Cities 


EXHAUST ~ 


~ 
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BORSARI “EBON” CONCRETE 


TANK STRUCTURES 
FOR BREWERIES AND WINERIES 





STARTING TANK CELLAR AT ANHEUSER-BUSCH, INC., ST. LOUIS, MO, 


BORSARI “EBON” lining 34” thick, is jointless, impervious, 


acid-resistant, tasteless and easy to clean. 





BORSARI TANK CORPORATION 
of America 


25 Broad Street 
NEW YORK 4, N. Y. 
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PLASTIM 
ALL qualities o7 
structural purposes. 


The above test report is an extract from a comprehensive 
test summary. Complete data will be sent on request— 
*REG. U.S. PAT. OFFICE on Plastiment or on the other Sika Products. 


OUR ENGINEERS WILL BE GLAD TO WORK WITH YOU ON YOUR CONCRETE PROBLEMS 
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' 


The Problem: 


To seal all joints in the arch of the tunnel ‘ 
(spaced 5’ apart); 

Te seal porous concrete between joints; 

To divert water with drainage pipes; 

To improve safety and appearance. 


The Solution: 


Disintegrated concrete was re- 
moved, leaking areas hacked and 
all joints above the springline cut 
out to a depth of at least 4° with 
pneumatic tools. Flow of water 


stopped with Sika 4a mixed neat Above, untreated section of the United — 
with cement. Joints primed with — Street Car Tunnel in Providence, ®. |., 

‘ 2 hare ate in the Fall of 1945. Below left, treated sec- 
igol and filled with Igas to within tion. Engineers: New England Power Service 
2° of tunnel surface. Wire mesh re- Co., Boston. Contractor: Seaboord Construction 
inforcing bolted to original lining Co., Providence, R. |, Sub-Contractors for Gunit- 
over deep cavities. Cuts. cavities ing: Cement Gun Co., Allentown, Pa.; Gunite 


Construction Corp., New York, N. Y. Materials 


and joints filled flush with gunite and Supervision: Sika Chemical Corp. 


mortar to which Gunite Sika was 
added as an accelerating and 


water-resisting compound. Progress: 


The arch and sections of the 
springing line have already been 
sealed. Protective gunite coats 
were applied only where neces- 
sary to prevent leakage. Work 
was done at night in off-traffic 
periods. Plans for 1947 call for 
application of a protective gunite 
lining over the entire inside of the 
tunnel and installation of drains. 
Pavement may also be laid at that 
time. 






ae ae ae a a ae ee ae ee ee Se Se Se Se Sie Se Se Sie” Se” Se” Se” Se” Ste” Se See” el ee ee 


SIHA CHEMICAL CORPORATION 


37 Gregory Avenue Passaic, N. J. 
Manufacturers of Reg. U. 5. Pat. Off. 


Compounds for Concrete Problems « Plastiment, The Concrete Densifier 
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UNMATCHED ADVANTAGES... 


Wag ao 


\ 9,500 RPMs in concrete. This is the speed of Viber Vibrators 
—the highest ever offered. Unparalleled economies in quality concrete 
construction are provided by the compacting efficiency of this internal 
high speed, full depth vibration, and better workmanship is the result. 


| Faster construction, because Viber efficiency permits the use of drier 
mixes and larger sized aggregates—and saves time in many ways. 


2 Positive bonding and consolidation... from smooth, steady vibration 
free from the destructive slugging action that displaces material and forms. 


3 Uniform density and strength...a result of strong, constant vibration 
that is effective in areas sufficiently large to assure overall consolidation. 


4 Complete Compaction ...in less time, at less cost. 


5 Increased Labor Efficiency results from the ease with which 
Viber Vibrators may be handled without strain, for one man operation. 
. Workmen like to use Vibers and are less likely to de careless work. 


6 Freedem from breakdowns. Viber eqivpment is constructed for 
heavy duty, it is very sturdy and remarkably free from mechanical troubles. 


7 the INTERCHANGEABILITY of all Viber units reduces the 
investment in equipment, saves time in changing to different jobs. 
Viber units are powered by electric, pneumatic or gasoline motors. 


KEEP AHEAD OF SCHEDULE WITH VIBERS 


VIBER COMPANY 


726 SOUTH FLOWER STREET - BURBANK, CALIFORNIA 


ee 
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IGINATORS OF INTERNAL CONCRETE VIBRATION! 
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FASTER CONSTRUCTION OF SUPER 
HIGHWAYS AND RUNWAYS 


AS FAST AS IT CAN BE PLACED, even the stiffest 


concrete of super-thick slabs can now be economically 





vibrated full depth, for uniform density and strength. 
Higher quality concrete, with substantial savings in time, 

(A) Viber Vibrators extended in 

wpward position, giving ample labor,construction and maintenance costs result from use of 


Clearance to pass over joint, man 


the VIBER SLAB. This multiple unit, high-speed internal 
hole covers of other obstacles 
vibrating machine is specially designed for continuous full 
width, full depth compaction of slabs up to 25 feet. The 
VIBER SLAB requires but a single operator and may be 
attached to most types and makes of spreading and finishing 
equipment. A battery of correctly spaced VIBER VIBRA.- 
TORS give you the unequalled speed, in concrete, of 9.500 


(B) Position of Vibrators start 
ing under oscillating screed KPMs, and test borings prove their unmatched compact- 


an 
= a <> _ 
(€) Position of Vibrators sub - _ . A\ : == s, ‘ 
we fall depth ch concecre sso, MULTIPLE HIGH-SPEED INTERNAL VIBRATION 


VIBER COMPANY e¢ 726 Souwth Flower St. © Burbank, California 


ing efficiency. Full details will be furnished upon request. 
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ORIGINATORS OF INTERNAL CONCRETE VIBRATION! 
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“OUTSTANDING 
ROAD BUILDING UNITS” 


‘FLEX-PLANE’ Joint Installing Machines for installing 
joints automatically or semi-automatically—we provide 
electric vibration so the concrete around the joint is 


thoroughly compacted to prevent cavities, and scaling. 


‘FLEX-PLANE’ Spraying Machines—for curing con- 
crete—an entirely automatic machine—each square yard 
of surface is double sprayed with proper amount of 
material. 

‘FLEX-PLANE’ Traffic Line Marking Machines—for 
marking traffic lanes by use of pigment in plastic concrete. 

‘FLEX-PLANE’ Dowel and Tie Bar Installing Machines 
—for installing dowels and tie bars in perfect alignment 
by vibration. No harness required. 

‘FLEX-PLANE’ Finishing Machines—for finishing a 
complete surface in one pass with a compound screed— 


3115 lineal feet of 9” concrete 24 feet wide in one 11 


hour day—a world record! 





FLEXIBLE ROAD JOINT MACHINE CO. 


WARREN, OHIO, U. S. A. 
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GILSON MECHANICAL 
TESTING SCREEN 




















GIVES YOU FAST, 
ACCURATE SIZING 
OF TEST SAMPLES 


@ Crushed Stone 
®@ Gravel, Slag 
@ Similar Materials 


from 4 inch to 200 mesh 


This smooth-operating unit is designed 
for both testing and research. It 
handles up to one cubic foot of sample 
in three to five minutes and is used 
over a wide size range for moderate 
scale mass separation where accuracy 
is required. Smaller samples of fine 
material are tested with a convenient 


attachment. 


Let us send you a descriptive bulletin 
and full details on this flexible and 


useful equipment. 








8 GILSON FEATURES 


Makes tests quickly and accurately 


Two to seven separations 
simultaneously 


One machine for the entire size range 


Screen trays independently 
removable 

Trays adjusted to same tare weight 
Visible separation to refusal 

Few moving parts to wear out 


engineered for long and practical 
service 





GILSON SCREEN COMPANY 


P. O. BOX 186 . 


- MERCER, PA. 
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“Z-D” CONCRETE SHELL STRUCTURES 











Sumy —sSAEN EE 
y 





28 thin shell HANGARS CONSTRUCTED IN THE U. S. A. 
are the 
28 thin shell HANGARS CONSTRUCTED IN “Z-D” 


SIMILAR DESIGNS USED FOR INDUSTRIAL, STORAGE, 
AND RECREATIONAL BUILDINGS AND WHEREVER 
LARGE UNOBSTRUCTED AREAS ARE REQUIRED 


Concrete forms roll on own wheels for greater reuse and reduction in cost. 
Smooth underside of roof and unobstructed useful space. 

Fewer columns and greater spans. 

Beam action of curved roof utilized. 

Local materials and local labor used. 





ROBERTS AND SCHAEFER COMPANY 
ENGINEERS 
307 North Michigan Avenue CHICAGO 1, ILLINOIS 
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Behind the symbol ‘Butler Engi- 
neered Design’’ stands an enviable 
background of nearly a quarter of 
a century, — not only of engineer- 
é ing and manufacturing experience, 
but of pioneering in many of the 

De vee major equipment developments for 
h the concrete construction industry. 
. . . Twenty years ago, Butler pio- 
neered and has since led in the 
design of Ready Mixed Concrete 
Plants, —— just as, more recently, 
Butler pioneered the construction of 
the modern Concrete Block Plant. 


...A-consultation with Butler Engi- 
neers will bring to your problems 
the ingenuity and knowledge that 
are valuable components of a wide 
experience. 
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MORE DURABLE, 
SMOOTHER 
CONCRETE... 





.-. WITH HYDRON ABSORPTIVE FORM LININGS 


U.S. Hydron Form Lining eliminates 
air voids, water channels and sand 
streaks from concrete surfaces. Re- 
sult: concrete is several times more 
resistant to weather and abrasion . . . 
smoother and more pleasing in ap- 
pearance. 


Only 0.08 inches thick, these light 
flexible sheets are mounted to the 
forms with rapid-fire staple guns. 
Hydron strips cleanly, easily. 

The case-hardening effect of Hy- 
dron is at least one inch deep, and 


there is a gradual change in the 
water-to-cement ratio from the sur- 
face into the bulk concrete. 


Years of testing and analysis pre- 
ceded Hydron’s remarkable success 
on a wide range of jobs, including the 
Norfork Dam, the new MacArthur 
Locks on the “‘Soo’’ Canal, and the 
Susquehanna Flood Wall at Bing- 
hamton, N. Y. 


Serving Through Science 


Send for your copy of informative booklet on HYDRON 


UNITED STATES RUBBER COMPANY 


Mechanical Goods Division + Rockefeller Center « New York 20, N. Y. « In Canada : Domini y, Ltd. 
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... HAULS 


; ? 
HE DUMPCRETE is a new dump body design de- 
veloped especially for hauling air-entrained 
concrete without mechanical agitation. Its fea- 
tures include a high point of discharge, posi:ive 
cut-off gate and fully adjustable chute. 

With the Dumpcrete, air-entrained concrete 
must be mixed at a central plant where it can be 
accurately controlled. This precision-mixed con- 
crete is hauled to the job without agitation or 
addition of water. Consequently, the amount of 
air entrained in the concrete and its slump re- 
main virtually unchanged. 

Full delivery measure can be checked by observ- 
ing contents of body before and after discharge. 

Air-entrained concrete has been successfully 
hauled in Dumpcretes up to 45 
minutes with neither segrega- 
tion nor bleeding a problem. 

The Dumpcrete was devel- 
oped by a construction organi- 
zation whose experience in- 
cludes handling millions of 
yards of concrete on dams, 
locks, bridges and industrial 
projects with every known 
type of concrete transporting equip- 
ment. During the past year it has 
been used in 18 states by ready-mix 
men and contractors. 

Because no agitator mechanism is 
required in the Dumpcrete, original 
and maintenance costs are low. If 
you want to know more about how 
the Dumpcrete hauls controlled air- 
entrained concrete successfully, 
write today to 


Full vertical dumping 
angle for clean discharge 
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CONTROLLED 
AIR-ENTRAINED 


CONCRETE 
AT LOW COST 








HIGH POINT 
OF GRAVITY OF DISCHARGE 
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CHUTE UNFOLDS 
EASILY 















180° HORIZONTAL 
CHUTE SWING 
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HERE ARE | (6( 7 
THE FACTS | T= 
ABOUT THE 


CUT-OFF GATE 


DUMPCRETE The Dumpcrete 


is made in 2-yard and 4-yard 
sizes, either of which will mount 
on your standard truck chassis. 
Dumpcrete has a low center of 
gravity, but high discharge point 
(over 6 feet for 4-yard, almost 
5 feet for 2-yard. 90-degree 
dumping angle and rounded in- 
terior corners aid clean dis- 
charge. Flow of concrete con- 
trolled by adjustable baffle, de- 
flector plates, inverted keel and 
positive cut-off gate. Chute un- 
folds in a few seconds, has 180- 
degree horizontal swing 
and full vertical adjust- 
ment. Gate and hydraulic 
lift controls located con- 
veniently at rear of body. 
Weight of 2-yard body, 
2100 pounds; 4-yard, 4200 
pounds complete. Will de- 
posit into buckets, hop- 
pers, forms and onto slabs. 
Original cost, maintenance and 
operational expenses are low. 
Cuts costs further by reducing 
loading, transit and discharge 
time. Entire gate and chute as- 
sembly removable for hauling 
sand, gravel, earth and coal. 
Early delivery. 











UMPCRETE 


MAXON CONSTRUCTION 


COMPANY, Inc. 
407 Talbott Bidg., DAYTON 2, OHIO 
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SEALTEX 


CURING 
COMPOUNDS 


Sealtex compounds are designed to provide a 
quick and economical means of effectively 
sealing the surface of concrete after the 
finishing operation. 

Sealtex gives the protection so vitally needed 
during the early high moisture-loss period 
following placing of concrete. 

Sealtex compounds are the result of exten- 
sive research development and years of manu- 
facture to meet the exacting specification 
requirements of leading governmental agen- 
cies, engineers and architects. 


DISTRIBUTED IN PRINCIPAL 
CITIES THROUGHOUT THE WEST 


CLEAR «+ WHITE-PIGMENTED + 


THE TECHKOTE COMPANY 
821 WEST MANCHESTER AVENUE 
INGLEWOOD + ~~ CALIFORNIA 
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NERVE CENTER for RECORD PRODUCTION 





JOHNSON Automatic Mixing Plants Offer YOU... 


HIGH YARDAGE OUTPUT because... 


Concentric zoning groups 1 to 6 mixers 
around center for most direct material flow, 
eliminates segregation of aggregates, and 
allows steep bottom slopes in aggregate 
hoppers for fast charging time. Central lo- 
cation of Cement Compartment permits steep 
slopes in cement tank for fast flow and max- 
imum premixing action by introduction of 
cement into center of aggregate stream. 
Automatic Batcher Control features 2-step 
filling for fast and accurate weighing, in- 
stantaneous mix selection and fast auto- 
matic moisture compensation. 


QUALITY CONTROL because... 

Separote single-material Batcher units oper- 
ated trom a master control board (see 
photo above) are used for cement, water 





Koehring Subsidiary 


THE C.S. JOHNSON company 


and each size aggregate. 2-step fill insures 
accurate weighing because intermittent feed- 
ing at close of charging operation reduces 
possibility of overload. Moisture compen- 
sator automatically corrects Water Batch 
scale to compensate for water content of 
sand. Adjustable retard on each Batcher gives 


optional delay in introducing Batch into mix. 


ACCURATE PRODUCTION RECORDS 
because... 


Chart pens operate directly from scale mech- 
anism, record weight of each material on 
same sheet. Mixer consistency can also be 
shown. Electric counter records Batches dis- 
charged. Recorder also prints bars on chart 
paper, saving money and assuring accuracy 


of register. 





Champaign, Illinois 
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G29 MOTO-MIXERS 
The Truck Mixers with the LIVE” Hi-Lo Mixing Action 


Large correctly shaped mixer blades are 
equipped with fillet the entire length of 
the blade to eliminate build-up and to 


aid in faster discharging. 










Water nozzle prop- 
erly located for fast, 
thorough distribu- 
tion of water through 
the batch. 


An exclusive feature of the new Rex 
Moto-Mixer is the up-hill mixing ac- 
tion which has proved an outstanding 
improvement in truck mixer develop- 
ment. As a result of this action, plus 
large correctly designed mixing blades, 
it is now possible to mix low slump 
concrete—fast. 


The full volume of the drum is uti- 
lized for mixing purposes. This is ac- 
complished by rotating the drum in 
the discharge direction. The end to end 
reversing action, spiraling the batch 
to the top of the drum where it can 
cascade back to the lower end by grav- 
ity, more nearly approaches the effi- 
ciency of a large drum stationary plant 
mixer than anything yet developed in 
the truck mixer field. 


Another important feature is the 
method of introducing water at a point 








Rex has “Live” mixing 





Not a “Dead Ending” action 


where it can be distributed throughout 
the batch quickly. Water is ejected 
from the nozzle at a point where the 
mixing blades plow into the batch. 
The blades form a furrow; and through 
this furrow, water is more readily and 
quickly dispersed throughout the en- 
tire mix. 

The up-hill mixing action and the 
more efficient distribution of water 
throughout the batch are two chief 
reasons why the new Rex Moto- Mixers 
produce a more uniform, thoroughly 
mixed concrete in less time than has 
formerly been possible with any type 
of truck mixer. For additional infor- 
mation on the Rex Hi-Discharge Moto- 
Mixer, send for a copy of Bulletin No. 
46-8. Address Chain Belt Company. 
1713 West Bruce Street, Milwaukee 
4, Wisconsin. 


G9 CHAIN BELT COMPANY 
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TUNNEL LINING 
WITH THE G29 PUMPCRETE 


Lining a tunnel with Pumpcrete setup outside. 
Transporting equipment and labor in the hole are 
eliminated. Other tunnel operations can be car- 













Tunnel lining with Pump- 
crete setup inside. Pump- 
crete is equipped with 
horizontal remixer which 
provides storage and pre- 
ventssegregation. Concrete 
can be deposited to side- 
walls of large tunnels in 
horizontal layers where 
this method is desirable, 


For tunnels from four feet in diameter 
up to the largest, the REX Pumpcrete 
offers a more flexible approach in meet- 
ing general tunnel construction prob- 
lems than any other type of equipment. 
Its long placing range and general 
utility for any phase of the job provide 
the most economical method of concret- 
ing on the majority of tunnel projects. 

Pumpcretes will handle stiffer concrete 
with much less loss of slump than other 
placers operating at an equal distance. 
In other words, less water per bag of 
cement is required for a given slump 
consistency. Discharge to the forms is 
more readily controlled which mini- 
mizes segregation and is another one 
of the reasons why a Pumpcrete, prop- 
erly employed, will turn out a better 
job structurally than any other type of 
mechanical placer, i.e., by filling the 


of MILWAUKEE TREX) 


ried on without interference. 


forms tighter with denser, more im- 
pervious concrete. The pumping sys- 
tem is also applicable to a much wider 
variation of procedure in meeting the 
unusual placing problems that occur 
on many tunnel lining jobs. It will do 
a much better job of filling overbreaks; 
and in tight sections caused by squeezes 
or falls, where regular arch pipe can- 
not be installed, it will do a satisfac- 
tory job by pumping directly through 
the form. 

Pumpcrete is the answer for most 
tunnel lining and for many other types 
of construction work. For detailed in- 
formation, send for a copy of either 
TUNNEL LINING WITH THE REX 
PUMPCRETE or Bulletin No. 466 for 
general construction work. Address 
Chain Belt Company, 1713 West Bruce 
Street, Milwaukee 4, Wisconsin. 
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DAREX AEA 
AN AIR ENTRAINING AGENT 
FOR CONTROLLED AIR IN CONCRETE 


DEVELOPMENT 


Darex AEA was developed with the painstaking care applied to every 
Dewey and Almy product. Selected as outstanding after adequate testing of 
more than sixty air entraining agents and combinations, it was put through 
many rigid tests before it was submitted to the cement and concrete industry, 


Experience dating back to 1932 demonstrated that the incorporation of 
entrained air in concrete resulted in improved resistance to frost action, but 
the effect of entrained air on other properties of concrete had be to considered 
and investigated. 


These investigations resulted in a research program to determine the 
function of entrained air on the various constituents of portland cement 
concrete, the effect of entrained air on abrasion resistance, homogeneity, and 
other properties of concrete. The results of these investigations were published 
as soon as available.* These studies aided greatly in the development of 
Darex AEA. Satisfactory performance of Darex AEA in the field is attested 
by its use to date in over 9,000,000 cubic yards of concrete throughout the 
United States and in parts of Canada. 


But an efficient air entraining agent is not enough. The contractor must 
be able to use the material without undue hardship in handling and proportion- 
ing to obtain controlled air in the concrete. He must have confidence in the 
ability of the product to produce superior concrete. The extensive use of 
Darex AEA has shown that it meets the above requirements. 


An air entraining agent, for practical reasons, must not be supersensitive. 
Variations in quantities added inadvertently must not adversely affect the 
air content or other desirable properties of concrete. Small variations in the 
amount of Darex AEA used do not appreciably affect the air content or other 
properties. 


Other plus values resulting from the use of Darex ABA are: 


1. Increased plasticity, which facilitates placing and reduces segregation. 
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2. Reduced green shrinkage, which practically eliminates bleeding and 
permits quicker finishing. 
3. Improved durability of concrete exposed to sea water and sulfate soils. 

The ball bearing effect of entrained air reduces particle interference and 
imparts a plasticity to the concrete batch that permits the use of fine aggre- 
gates that may be deficient in the particle sizes essential to good workability. 
This principle also applies to manufactured sand where particle shape is often 
4 factor, 

The successful application of air entraining agents can best be obtained by 
wing reliable dispensing equipment. Manual, semi-automatic, and fully 
witomatic Darex AEA dispensing equipment for batching plants and paving 
mixers has been developed and is being widely used. 


* BIBLIOGRAPHY 


‘The Function of Entrained Air in Concrete’’— Journal of ACI, Vol. 14, No. 6, June, 1943. 


‘Entrained Air--Its Effect on the Constituents of Portland Cement Concrete’’— Proceedings 
of ASTM, Vol. 44, 1944. 


‘The Application of Air Entraining Agents in Concrete and Products’’-Reprinted from 
“Pit and Quarry”’, March, 1946. 


“Homogeneity of Air Entraining Concrete’ Journal of ACI, Vol. 17, No. 6, June, 1946. 


"Mechanical Dispensing Devices for Air Entraining Agents’’—Journal of ACI, Vol. 17, No. 6, 
June, 1946. 


To get the most from air entraining 
concrete - hold cement factor by 


redesigning mix - and use 


DAREX AEA 


DEWEY AND ALMY CHEMICAL COMPANY 
CHICAGO e CAMBRIDGE # OAKLAND 
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ARE YOU INTERESTED IN 








IMPROVED | 
PREFAB CONSTRUCTION 


Our Vacuum Processes Solve Prefab 
Problems with cAmazingly Simple 
Site Precasting and cAssembly of 
Concrete Panels and Closure Joints 


VACUUM CONCRETE INC. 


4210 SANSOM STREET PHONE 
PHILADELPHIA 4, PA. BARING 2-4545 


(See next Page) | 
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FEATURES OF THE VACUUM PROCESSES 


1. Higher Early Strength. Excess water extracted from concrete immediately 
after screeding reduces water-cement ratio and hardens the concrete so quickly 
that large precast units can be stripped and handled within 16 hours. 1600 psi 
strength with usual ordinary mixes in 16 hours. Cast-in-place closure joints 
connecting erected precast panels are also processed. 


2. Lower Forming Costs. Precast units cast horizontally on concrete casting 
beds or floor slabs permit reuse hundreds of times. Special lined edge forms 
held in place by vacuum and valved to vacuum process the concret permit easy 
rapid stripping. Special lined forms for closure joints held in place by vacuum 
are erected and stripped within minutes and require no thru wall ties or exterior 
bracing. Early stripping permits extraordinarily large reuse of all forms, and 
form cost pecomes an insignificant fraction of usual form costs. 


3. Rapid and Simplified Erection. By means of our newly invented ‘“‘Vacuum 


Concrete Lifter’, large precast units are easily handled in lifting from casting 
beds and erecting in place. The Lifter acts like a huge magnet, gripping the 
precast unit instantaneously by opening a vacuum line vlave. Thus no lifting 
hooks are required imbedded in the cast units, and as the Lifter grasps unit 
uniformly over its surface, no damaging bending moments in slabs occur during 
handling. Units may be lifted from casting beds, set in place in building, and 
connected with poured-in-place closure joints, all in same day. 


4. Adaptability to Building Designs. These methods produce monolithic con- 


crete shells suitable for any type of building or structure which permit large 
duplication of unit panels. By now they have been used successfully for mass 
housing and large industrial plants. Units for walls and floors have flexibility 
of any size and shape which can be handled by available crane. Wall slabs 30 
feet long, and floor and roof panels to 400 square feet, have been cast and handled. 
Insulation is incorporated with exterior and interior finish in laminated type 
units, and extremely economical units having integral exterior finish are typically 
constructed in ribbed construction. 


5. Durability and Low Maintenance. Vacuum Processed Precast Concrete 


Units produce structures of increased durability and low maintenance costs. 
Application of Vacuum Process means that atmospheric pressure is compacting 
the concrete 1400 to 2160 pounds per square foot. The extraction of excess 
water not only increases early strength, but produces about 50 per cent higher 
28-day strengths than by other methods for same mixes. Thus stronger, denser 
concrete, having lower shrinkage, greater surface durability and imperviousness 
and high fire resistance is produced. 
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INSTANT HYDRAULIC CONTROL 


FOR LOWER COST PAVING 


You don't have to “wrestle” this 
Ransome 34E Blue Brute “Dual 
Drum” Paver to put it through its 
paces. Instead of “strong-arm” levers, 
hydraulic controls —- responsive to a 
mere touch — guide the operating 
cycle. 

Quicker, easier action is just one of 
the advantages of this amazingly effi- 
cient member of the famous Blue 
Brute Line. There’s the “live boom”, 
for instance, that swings and spreads 


yr 


simultaneously, covering a wider area 
each time and reducing hand shovel- 
ling ... Only Ransome Pavers include this 
live boom as standard equipment. 

There are many other “Dual Drum” 
features that combine to give you 
5,280 feet of lower cost paving per 
mile. Write for Bulletin 208 that has 
the whole story — and further proof 
that there’s more worth in Worthington- 


Ransome. 


Equipme 
Holy e, Masse. 
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RICHMOND - 


FORM TYING—ANCHORAGE AND ACCESSORY 
DEVICES FOR CONCRETE CONSTRUCTION 


In the past thirty-five years the construction field has known and 
used these form tying and anchorage devices—all developed 


and named by RICHMOND. 


Screw Anchors and Bolts ® For Anchorage in Concrete 
Snap-T ys © For Light Concrete Formwork 

A. C. Form-Tys ® For Architectural Concrete 
Tyscrus ® For Medium & Heavy Formwork 
Waterseal Tyscrus ® For Waterproof Walls, Tanks, etc. 
Tyloops ® For Concrete Form Anchorage 
Tyhangers Hanging Formwork 

Flange Hangers © For< From Structural 

Hanger Frames Steel Framework 

Tyframes ® For Stadium Riser Forms 

Tilt Lock Rods and Clamps ® For Formwork (She Bolt Type Tie) 


and we are now equipped to bring you a complete line of 
Reinforcing Steel Accessories 


and Concrete Inserts 


through the addition of a full line of Concrete Inserts as ac- 
quired from Union Steel Products Co. including the well known 
Peerless Wedge Shelf Angle Insert. 


FORM-TY ENGINEERING GUIDE UPON REQUEST 


RICHMOND screw 


ANCHOR COMPANY, INC. 
816-838 LIBERTY AVENUE * BROOKLYN, N.Y 


MANUFACTURING SINCE 1911 
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PICK YOUR VIBRATOR 





for the job | Me 
to be done | ) 


Save on first cost...save on main- 
tenance... and reduce your con- 
crete costs... by selecting the 
right type and size from the CP 
line of seven different pneumatic 
and electric models. 


FOR REINFORCED CONCRETE 


CP MODEL 219 (PNEUMATIC) CP MODEL 325 (PNEUMATIC) 
For concretes 3” slump and For concretes under 3” slump; 
over; for walls and columns for walls and columns over 
under 15” thick. 15” thick. 


FOR MASS CONCRETE — One-Man Type 
CP MODEL 417 (PNEUMATIC); CP MODEL 419 (ELECTRIC) 


bare For batches up to two cubic — shell and roller gate type dams, 
yards; for placing concrete in| medium bridge piers. ete. 


FOR MASS CONCRETE — Two-Man Type 
CP MODEL 518 (PNEUMATIC); CP MODEL 519 (ELECTRIC) 


For batches of two cubic yards and compacting heavy, harsh, 
or more; for knocking down  concretes in open forms. 


FOR HIGHWAY PAVEMENT 


CP MODEL 218 (ELECTRIC) —_ transverse and _ longitudinal 
For placing concrete around joints of highway pavements. 


Write for complete information 


Cuicaco Pneumatic 
TOSGL COMPANY 


General Offices: 8 East 44th Street, New York 17, N. Y. 


PNEUMATIC TOOLS e¢ AIR COMPRESSORS ¢ ELECTRIC TOOLS « DIESEL ENGINES 
ROCK DRILLS © HYDRAULIC TOOLS «© VACUUM PUMPS « AVIATION ACCESSORIES 
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Investigate the advantages of 


PRESTRESSED CONCRETE 


FOR PERFORMANCE AND ECONOMY 


Spalling and leakages starting from shrinkage and 
tension cracks often affect structures in the open 
and underground. Construction joints are another 
frequent source of trouble. It is highly desirable 
therefore, to keep the concrete under compression 


under all load conditions and volume changes. 


Prestressed concrete is the answer to these 
common construction problems. This modern method 
of construction, used successfully for storage tanks 
and pressure ducts, is applicable with advantage 


to most types of heavy engineering. 


With concrete completely in compression the 
entire cross section resists the load. Therefore 
shallow depths are able to do the work for long- 
span traffic and pedestrian overpasses, trestles, 
underground garages, tunnels, piers and bulkheads, 
airports, and special building construction. Real 
savings in labor and material costs are obtainable 
by using this method. 


Complete engineering service for prestressed 
concrete, including estimates, design of structures, 
detailed construction methods and field super- 


vision. 
198 BROADWAY L. i 
NEW YORK 7, N. Y. fy 
COrtland 7-2753 CONSULTING ENGINE 

















774 JOURNAL AMERICAN CONCRETE INSTITUTE (advertising) Feb'y 1947 


What is a Good Concrete Curing Compound? 


About the only concern remaining in curing concrete by the liquid mem. 
brane method is whether the compound to be used has the proper wate 
retention quality. Nearly all engineers recognize this, and testing procedup 
is incorporated in their specifications. The great majority of these specif. 
‘ations contain a procedure patterned generally after the A.S.T.M. Method 
C-156-44T. In our opinion this method is an excellent one insofar as the 
procedure itself is concerned, but in the “Calculating of Percentage Loss of 
Moisture’’, the basing of the percentages on the water in the specimens at the 
time of molding can result in an inaccurate answer. We recommend strongly 
in writing specifications that this be changed to the contained water at the 
time of application of the curing compound. 


As this testing procedure is used to determine the sealing quality of , 
cure, the answer should be based on the changes, in the specimens resulting 
only from the use of the compound itself. When based on total water a 
mixed, the loss between the mixing and application times, is charged against 
the compound. This would not affect the results, if at all times and under 
all conditions, this loss was always the same in amount. However, thisis 
impossible, as any variation in the time intervening between ‘‘mixing”’ and 
“curing” will affect this loss. The determination of the time for the cun 
application, as set forth in the A.S.T.M. procedure, is very good, but it’s 
selection is left to the technician performing the test. There are a number of 
factors which would affect the determination of this point, and consequently 
the degree of dryness at the time of the compound’s application will vary. 


The following data are from actual tests, using the A.S.T.M. size spec- 
mens, and are based on the water in the specimens at the time of mixing. Ii 
shows that within the 24% hours to 3% hours after mixing, answers can by 
obtained which vary up to 3.6%. These variations result from a condition 
which has nothing to do with the compound’s sealing quality, but might 
easily cause it’s rejection. 





Hours after Mixing 2'4 Hrs. | 234 Hrs. 3 Hrs. 3144 Hrs. | 3% Hrs. 
Original Contained Water 565 gms. | 565 gms. 565 gms. | 565 gms. | 565 gms 
Water Loss before Curing 15.4 gms. | 51.0 gms. | 56.8 gms. | 61.5 gms. | 65.9 gms 
Water Loss 3 Days after Curing 7.3 gms. 7.3 gms. 7.3 gms. 7.3 gms. 7.3 gms 


Y Loss Original Water 9.3% 10.3 % 11.4% 12.2 % 12.9 % 
Water Loss 7 Days after Curing | 13.1 gms. | 13.1 gms. | 13.1 gms. | 13.1 gms. | 13.1 gms 


% Loss Original Water 10.4 % 11.2% 12.4 % 13.2 % 14.0 % 
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If the percentage water loss is based on the water in the specimens at the 
time of application the results are as follows. This shows that the time 
element prior to the curing affects the answer to a negligible extent, and a true 
knowledge of a compound’s sealing quality can be had without question. 








Hours after Mixing 21% Hrs. | 234 Hrs. 3 Hrs. 314 Hrs. 3% Hrs. 


Contained Water Time of Curing 519.6 gms. 514.0 gms. |508.2 gms. 503.5 gms. 499.1 gms. 


Water Loss 3 Days after Curing 7.3 gms. 7.3 gms. 7.3 gms. 7.3 gms. 7.3 gms. 


% Water Loss 141% 142% 1.44% 145% | 146% 
Water Loss 7 Days after Curing 13.1 gms. | 13.1 gms. | 13.1 gms. | 13.1 gms. | 13.1 gms. 


% Water Loss 2.52 % 255% | 258% 2.60% | 262% 





Even though the A.S.T.M. Designation C-156-44T is the procedure most 
commonly used in specifications the limiting percentages for acceptance or 
rejections vary widely. Some of them, we believe, are too lenient in order to 
insure, without question, a satisfactory curing operation, particularly when 
application under job conditions is considered. From our experience we re- 
commend the following maximum percentages of water loss from 2” thick 
specimens using the A.S.T.M. procedure, a single application rate of 200 
square feet per gallon, and basing the percentages on the water in the speci- 
mens at the time of application. 


3 Days—4°% Loss (96° Retention) 


7 Days—7.5°% Loss (92.5% Retention) 


MEMBRANE CURING SOLUTIONS MANUFACTURED BY HUNT PROCESS COMPANY 


Hunt Process Black—A special blend of selected asphalts with pigment 
ina petroleum solvent. 


Hunt Process Clear—A blend of oils and waxes in a petroleum solvent. 


Hunt Process Clear White Pigmented—A special ‘clear’? cure with white 
pigment for use on thin sections (i. e., canal linings) in the hot desert cli- 


mates where temperature control is desirable. 


DISTRIBUTORS 


The Lofland Company Dallas, Texas P. L. Crooks & Company Portland, Oregon 
The Colorado Builders Supply Co.... Denver, Colorado Ameee Asphalt Roof Corp.....Salt Lake City, Utah 
Grace Brothers Limited Honolulu, T. H. R. Reid Company San Francisco, Calif. 
The Carter-Waters Corporation Kansas City, Mo. Cis irles R. Watts & Co. Seattle, W oe ay 
The R. C. Hardeastle Co. Oklahoma City, Okla. . E. Foreman & Sons Vancouver, B. 


Baker- Thomas Lime & Cement Co... Phoenix, Arizona 


HUNT PROCESS COMPANY 
“Spray It & Forget It’ 
Main Office & Plant HUNT PROCESS CLEAR Kansas City Mo. Plant 


7012 Stanford Avenue HUNT PROCESS BLACK Carter-Waters Corp. 
Los Angeles 1, Calif. HUNT PROCESS PIGMENTED-(WHITE) 2440 Pennway 
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SYVTRON 





“Pulsating Magnet” 


CONCRETE VIBRATORS 


«°C 


powerful, 

3 6 0 0 pulsating 
vibrations er minute—eliminate 
hand slits and spading—flow 


concrete into difficult and hard-to- 


get-at places—eliminate voids and 





pockets. 





MODEL V-55 





The Model V-55 is widely used to The Model V-75 is the most popular 
vibrate thin wall forms, burial vault forms, and widely used piece of equipment on 
etc., in addition to being applied to 
cement, sand and aggregate bins to keep 
them free-flowing. sewer pipe forms. 


the market for vibrating reinforced concrete 


When applied to wall forms, they are , : 
used in pairs—one at the point of pouring One V-75 is required for ou forms 
and one located adjacently, ready to uP to 48” in diameter. For larger diameter 
operate. pipe, two V-75's are recommended. 


BLOCK AND BRICK MACHINE VIBRATORS 


It is common practice to apply the large, powerful Model V-200, or the Models 
V-75 and V-55 to the mold box or pallet of block and brick machines, depending upon 
the design and size of the machine. Illustrated below are a few practical examples 





Write for illustrated folder. 


SYNTRON CO. LEXINGTON, AVE., HOMER CITY, PA. 
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POZZOLITH — CEMENT DISPERSION 
AND THE 


WATER-CEMENT RATIO LAW 





In view of the general agreement among leading 
authorities that concrete quality can be improved 
through the use of certain admixtures, and more com- 
plete control obtained by adding an admixture to normal 
cement at the mixer, there remains only the matter of 
selecting the admixture which provides the most 
advantages for the specific job. With that in mind, we 
present the following with respect to Pozzolith, Cement 
Dispersion: 


POZZOLITH is to our knowledge the only 
admixture which makes air entrainment 
available and fully complies with the water- 


cement ratio law, 


In normal mixes, concrete of any given durability, 
strength and workability, is produced more econom- 
ically with Pozzolith than with any other materia] on 
the market, added at the mixer or inter-ground 


The following data are offered in support 
of the above statements: 
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POZZOLITH FULLY COMPLIES WITH 
THE WATER-CEMENT RATIO LAW 


Concrete in which Pozzolith is employed follows the water-cement ratio 
law, permitting design of concrete mixes in accordance with the ACI 


Standard Recommended Practice for the Design of Concrete Mixes. 


In Abrams expression for the water-cement ratio law Strength = 
14000 
Bx 
age of the concrete, B for any homologous series of concrete mixes tested at 





where x is the water-cement ratio and B is a constant dependent on the 


a given age should be constant if the concretes follow the water-cement 
law. The lower the value of B, the better is the strength for a given water- 
cement ratio. 


SERIES |* 


NO ADMIXTURE POZZOLITH 
C.F. Ww/C 28-Day C.F. w/C 28-Day 
sks/cu. yd. by wt.  Strength—psi B sks/cu. yd. by wt. Strength—psi B 





3.83 88 1960 9.3 3.08 92 2380 6.9 
4.68 67 3590 7.6 3.93 n 3580 6.7 
5.53 56 4520 7.4 4.68 58 4310 7.7 
6.39 48 5290 7.6 5.53 49 5570 6.6 
SERIES II** 
3.56 83 1825 11.8 3.56 71 2635 10.8 
4.57 .60 2990 12.9 4.50 55 4030 9.8 
5.55 50 3665 14.5 5.71 43 4970 10.9 
6.80 43 4390 15.2 6.60 39 5745 10.0 
SERIES Ill*** 
6.00 534 4840 7.3 6.00 454 5430 8.0 
6.00 568 4210 8.3 6.00 486 4760 9.2 
4.50 701 3110 8.5 4.50 601 3900 8.4 


Each figure in Series III represents average for 13 different cements. 


*Tests by Master Builders Research Laboratories. 
**Tests by Milton Hersey Co. Ltd., Montreal, Quebec. 
***From War Dept. Tests by National Bureau of Standards, No. 1X-6/963-M-2942. 
Complete data sent upon request. 
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In all cases the Pozzolith concrete shows greater constancy for B and a 


higher strength for a given water-cement ratio. 
























\ 
100,000 cu. yds. Pozzolith Con- 
crete used in 1944. Arabian Ameri- 
can Oil Co. Refinery & Pipe Line, f] 
Ras Tanura, Arabia. 




















Pozzolith Used throughout 200,000 cu. yds. 
concrete in Seven-Mile El Mirador Tunnel 
in Mexico. See Eng. News-Record August 
an 48, 1946. Owner: Comision Nacional de 
Irrigacion. 
ert md "ee 
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CONSTANCY OF AIR CONTENT 


Pozzolith, in addition to its basic action of cement dispersion, auto- 
matically entrains air in the optimum range with respect to increased dura- 
bility and strength and improvement of the other properties of concrete. 
Unlike the wetting agents, the amount of air entrained with a fixed ratio 
of dispersing agent to cement appears to be relatively constant regardless 
of the mix or brand of cement used, within reasonable limits. The constancy 
of air content with Pozzolith eliminates the necessity for frequent checking 
of air content in the field and adjustments of the mix or the amount of air 


entraining agent added. 


The following data are taken from a recent report of tests, made for 
the War Dept. by National Bureau of Standards on Pozzolith and a range 
of cement typical of all U.S. cements. It will be noted that for each type 
of mix the average for the 13 cements range only from 3.1 per cent to 


3.8 per cent of air. 


Total Air Content — Per cent by Volume 





6 Sack Nominal Mix 41% Sack Nominal Mix 








Cement Type Produced in ‘Slump 314 in Slump 6 in. Slump 2 in. 
A I Maryland 3.7 4.0 3.5 
B I Pennsylvania 3.5 3.6 2.9 
Cc II Virginia 3.8 a0 3.8 
D I Michigan 3.7 4.6 3.4 
E I Michigan 2.8 3.1 2.0 
F I Pennsylvania 2.7 3.2 2.9 
G I New York 3.3 4.4 4.3 
H Ill New York 2.4 2.8 3.0 
I I Alabama 3.3 3.7 2.9 
J II Ohio 3.6 4.4 4.5 
K I Georgia 2.7 3.0 2.4 
L II Florida 3.9 3.8 3.5 
M IV California 3.8 5.0 4.1 


Average 3.1 3.8 3.3 
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LONG-TIME STRENGTH WITH POZZOLITH 


The strength of concrete in which Pozzolith, Cement Dispersion, is 
employed maintains its proportional strength increases over the long periods. 
This fact is shown in the following reports of tests by Smith-Emery Company, 
Los Angeles, Cal., July 26, 1944. 


Report Of Tests On Compressive Strength of Concrete At 
Ages Up To One Year With And Without Pozzolith 


Similar data on Flexural Strengths are available) 


Mix Designs 

















Cement Factor — sks/cu. vd. 4.75 5.50 
Material Pozzolith No Admixture Pozzolith 

Cement — \bs.. 446.5 517 517 
Sand (washed) — lbs.. err 1146.33 1073.00 1022.69 
Sand (fine) — lbs. 73.32 68.49 65.28 
No. 3 Aggregate — Ibs.............. 653.95 628.65 655.46 
No. 2 Aggregate — lbs.............. 676.54 650.15 677.89 
No. 1 Aggregate — Ibs.............. 924.64 888 . 38 926.28 
Water a ee ere 243.44 283.25 243.65 
Pozzolith — lbs. per sack 1.0 None 1.0 
W/C — Gals. per sack... 6.16 6.18 5.32 
Age Compressive Strength — Lbs. per sq. in. 

3 Days... ae get 2835 2100 3255 
eer pollen 3338 2865 3740 
MNES «iwc ckisaccoiavsnh aaiehehumenss 3818 3338 4205 
aia at eal 4025 3478 4408 
RE Soc ccks s draca oe Sage Paws 4085 3607 4550 
0 ne ey ere 4720 4225 5195 
ee eee 4865 4500 5485 


POZZOLITH AUTOMATIC DISPENSER 


Leading authorities agree that to obtain the best results admixtures 
should be added at the mixer and not interground in the cement. (A.C. I. 
Journal Feb. 1946 Page 462) 


The use of Pozzolith by ready-mixed concrete companies as well as on 
large jobs has been greatly simplified with the development of the Master 
Builders Automatic Pozzolith Dispenser. In addition to insuring accuracy 
in measurement, this dispenser cuts cost by saving labor and speeding the 
operation. 


Pozzolith Concrete is now procurable from about one hundred and 
twenty leading ready-mixed producers whose plants are equipped with 
Master Builders Automatic Dispensers. 


: 
' 
: 
i 
| 
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TYPICAL COSTS: PLAIN MIXES VS. 
MIXES DESIGNED WITH POZZOLITH 


Concrete of given strengths and slump, designed in accordance with 
A.C.I. procedure, is produced more economically with Pozzolith, Cement 
Dispersion. This fact is illustrated in the following typical examples: 


Report of Tests on Designs of Class 3000 Ibs. and 3500 Ibs. Concrete 
With and Without Pozzolith, by E. L. Conwell & Co., Philadelphia, Pa. 
Cement — Type I, Composite of three brands, $2.17 per barrel 
Fine Aggregate — Concrete sand — F.M. 2.69, $1.50 cu. yd. (damp) 

Coarse Aggregate — 34” Gravel — F.M. 7.16, $1.50 cu. yd. (damp) 





























Water — City (Philadelphia) supply 
Pozzolith — solution: 1.8 Ibs. Pozzolith per gal. $.07144 per lb. 
Requirements — 3000 Ibs. and 3500 Ibs. at 28 days — 414 in. slump. 
Batches to produce nominal cu. yd. (surface dry aggregate) 
3500 Ibs. 3000 Ibs. 
No Admixture Pozzolith No Admixture Pozzolith 
Cement—lbs.......... 611 529 545 472 
Fine Aggregate—lbs.. . 1110 1135 1175 1200 
Coarse Aggregate—lbs.. 2080 2120 2070 2110 
Added Water—gals.... 39.0 30.3 37.9 30.5 
Total Water—gals..... 39.0 30.3 37:9 30.5 
W/C-gals. per sk...... 6.00 5.88 6.54 6.57 
Pozzolith—gals....... ee 2.76 oe 2.51 
Compressive Strength 2940 3695 2575 2770 
Lbs. per sq. in. 3000 3605 2635 2760 
7 days 3225 3675 2590 2760 
Av. 3055 3658 2600 2763 
28 days 4350 5075 3765 4015 
4440 5235 3770 4125 
4205 5125 3845 4145 
Av. 4332 5145 3793 4095 
Costs 
GAMERS. 6 65.055 $3.526 $3.053 $3.145 $2.724 
ee 0.641 0.655 0.677 0.688 
ee 1.050 1.070 1.045 1.065 


Pozzolith....... — 0.360 — 0.330 














_ ee 5.22 5.14 4.87 4.81 
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GREATER DURABILITY AT LOWER COST 


That the preceding Pozzolith mixes, produced at lower costs, are far 
more durable than the plain concrete mixes, is indicated by the following 
data taken from Report of Tests for the War Dept. by the National 
Bureau of Standards No. 1X-6/963-M-2942: 


Nominal Cement No. of Cycles of Loss in Durability 
Factor—sks cu. yd. Freezing and Thawing Dynamic E* Factor* 
Pozzolith — 6 176 10 80 
Plain —— 6 50 32 20 
Pozzolith — 414 139 2 63 
Plan —41% 49 31 17 


*Each value is the average of 26 specimens using 13 different cements, 
See page 4. 











. | 
70,000 cu. yds. of Pozzolith Concrete Used 
in Construction of Piles, Piers and Abutments 
of Norfolk and Western Railway Pier. Contr. 
— McLean Contracting Co., Baltimore, Md. § 





Pozzolith Concrete Used in Piers Massena Ter- 
minal R. R. Bridge, Massena, N. Y. First bridge 


Smith & Co., St. Louis, Mo. Gen. Contr.— 


of i 28, 1946. Geneon A emeaing E. 
Harrison Construction Co., Pittsburgh, Pa. 
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THE CEMENT DISPERSING ACTION OF POZZOLITH 
ILLUSTRATED 


PHOTOMICROGRAPHS 
OF 
CEMENT SUSPENSIONS 





Magnified 200 times 
FLOCCULATED DISPERSED 

(Left) Showing how cement particles clump together or flocculate when 
placed in water. 

(Right) Pozzolith, through its component calcium lignosulfonate, causes 
the particles to separate by imparting to them a like electrostatic charge. 
Dispersion of the cement produces these important effects: the water which 
had been trapped within the particle clumps is released to become a part 
of the mixing or placing water; the surface area in contact with the water 
is greatly increased since the particles are no longer in contact with each 
other. A certain amount of additional air is entrained. By these means the 
cement is more effectively used to produce concrete of improved properties. 


RECOMMENDED SPECIFICATIONS FOR CONCRETE 


“Concrete shall be designed in accordance with the A.C.I. 
Standard Recommended Practice for the Design of Concrete 
Mixes (ACI-613-44), with an approved cement dispersing 
agent. The strengths and slumps of the different classes of 
concrete shall be as called for on plans or in the specifi- 
cations. All exposed concrete shall contain not less than 3% 
nor more than 5% total air, by volume, as determined by 
direct measurement or in accordance with A.S.T.M. Method 
C-138-44. The increased air content shall be obtained by adding 
at the mixer an air-entraining agent which complies with the 
water-cement ratio law.’ 


For Additional Data 


For additional data concerning Pozzolith, see Master Builders previous insertions in the 
technical issues of A.C.1. Journal, particularly page 459, Feb. 1946 issue, showing durability tests 
made for the War Dept. by National Bureau of Standards. 


May we take this opportunity to invite members of the Institute to visit our Research 
Laboratories and to call on us for additional data on Master Builders products and services. 


THE MASTER BUILDERS COMPANY 
CLEVELAND 3, OHIO TORONTO, ONTARIO 
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Calcium Chloride Curing is Positive 
in Effect, Automatic in Action, Economical 


Effective curing of concrete is obtained by the establishment of favorable 
conditions for chemical action of the cement during the early hard- 


ening period. 


Results of an experimental project 
constructed by the Highway Depart- 
ment, Sacramento, California, are re- 
ported by T. E. Stanton, Materials and 
Research Engineer, Division of High- 
ways, Sacramento. These tests were 
conducted in arid climate to study 
various curing methods including in- 
tegral calcium chloride. Compressive 
strengths of cores were studied at ages 
up to 11 years. The relative strength 
developed by 23 methods of curing 
were studied. 


Calcium Chloride Integral 
Curing Had Highest Rating 
105°” 


In commenting on the test results, the 
author states, ‘““The greatest increase in 
strength was in the case of the seven- 
sack mix with 2% (2 Ibs. per sack of 
cement) integral calcium chloride, the 
average strength increasing from 4030 
p.s.i. at 28 days to 6045 p.s.i. at 5 years 
and 7700 p.s.i. at 11 years. Calcium 
chloride incorporated in the mix with 
the mixing water is apparently effective 
in maintaining moisture necessary for 
continued hydration and __ higher 
strength.” 


In recent curing studies at the National 
Bureau of Standards which were pub- 
lished in the 1944 Proceedings of the 
Highway Research Board, Mr. H. C. 
Vollmer stated in the summary: ‘The 
use of calcium chloride integrally or as 
a surface application § resulted’ in 
strengths (flexure and compression) 
comparable to those obtained with 3-day 
wet burlap curing.” The 3-day wet 
burlap curing is generally recognized 
as the highway standard. (See Chart.) 
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000 a T 
mae hs eee 28 
Age Doys 
Compressive Strength of Concrete Resulting from 
Various Curing Conditions, 6 by 6 in Modified Cubes 
Cured ot 70 F and 50-60 Percent Relotiwe Humidity 


It is recommended that integral or 
surface calcium chloride curing be used 
with preliminary (overnight) wet bur- 
lap. (ACI specifications—ASTM—C82 
and C83). The wet burlap should be 
applied as soon as the bleeding water 
has disappeared. The next morning 
the burlap may be removed and moved 
ahead for other use. 


For emergency conditions, repair 
construction, etc., and where water is 
not available, the use of calcium 
chloride(1 lb. per sack cement) in- 
corporated in the concrete mix and 
calcium chloride (1'5 lb. per sq. yd.) 
spread directly on the concrete surface 
as soon as surface moisture has dis- 
appeared, will insure proper curing 
conditions. 


CURING WITH CALCIUM CHLORIDE IS POSITIVE IN ITS EFFECT, 
AUTOMATIC IN ITS ACTION AND ECONOMICAL IN ITS APPLICATION 


CALCIUM CHLORIDE ASSOCIATION 


1028 Connecticut Ave., N. W. 


LaSalle Building, 


Washington, D. C. 
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BLAW-KNOX DIVISION of Blaw-Knox Company 


Farmers Bank Bldg. + Pittsburgh, Pa.—New York, Chicago, Birmingham, Philadelphia, Washington, 


Is UP-TO-DATE 


















USE ' 





Bulk Cement 


lants 






Buckets 


Concrete | 


sats % Contractor's production in spite of diff 
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Dry, harsh, concrete paving mix being 
handled by Blaw-Knox Transverse-Blad, 
Automatic Type Concrete Paving Spread. 
er equipped with vibratory attachment 
Concrete tested ') to *, inch slump 


cult concrete was in excess of 400 linea! 
ft. of 12 ft. wide slab 9" thick per hou 
ere lfeatnaas is one man operated 
| Vibration increased strength of concrete 
by 25 per cent 





View behind Blaw-Knox 
shown in upper photograph 


Spreader-Vibrato 


Concrete hu 
been spread to required elevation and simult 
neously compacted by vibratory attachment 
Note uniformly smooth surface behind vibrato 
Blaw-Knox Finishing Machine worked close) 
behind Spreader-Vibrator and kept pace easil 
Cores drilled from completed pavement showe 
no honeycomb at bottom of slab or at joints am 
no excess mortar at surface of pavement 
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Paving Forms for 
Roads and Airports 








Truck Mixer 


Steel Forms for General Stee! Street 
Concrete Construction Forms 
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Automatic Transverse Spreading 2 Strike-off shapes concrete to re- 3 Vibratory attachment compacts 


Blade spreads concrete trans quired height and crown allowing concrete simultaneously with 


versely and atthe same time pushes slight excess for compaction by spreading operation; vibrator is 
excess concrete ahead of machine; vibrator, strike-off is hydraulically spring suspended and does not rest 
adjustable for spreading height adjustable for elevation on side forms. All vibratory effect 
is transmitted directly to the con 
Finishing Machine front screed Rear screed of Finishing Machine crete Vibrator is controlled by 
strikes off excess of concrete to performs final finishing and spreader operator and leaves slight 
exact grade and crown Finisher smoothing operation excess of concrete for finishing 
"has easy and rapid operation, follows machine 


‘close behind Spreader-Vibrator 


“ 





The method of paving construction illustrated has been proved on hundreds of miles of concrete 
paving construction for roads and airforts. 

-Vibews The dry and harsh concrete mixes frequently specified by engineers for modern pavements 
crete hi} can be spread, compacted and surfaced most rapidly and efficiently by the combination of the 
1 simul} Blaw-Knox Transverse-Blade Type Automatic Concrete Paving Spreader equipped with vibratory 
tachment} attachment and the modern Blaw-Knox Finishing Machine. 


1 vibrates The Spreader-Vibrator spreads the concrete to the required depth and at the same time com- 
2d clostl)} pacts the concrete by vibration. The Finishing Machine follows close on the heels of the Spreade:- 
ace easily} Vibrator and does a quick and easy surfacing job. The Blaw-Knox Spreader-Vibrator teamed 
nt show#} With the Blaw-Knox Finishing Machine handles the output of two 34-E dual drum paving mixers. 


joints 4%} = Difficult concrete is easily handled on a production basis by this up-to-date paving method and 
ment the contractor gains — in greater yardage, lower construction cost, minimum of manual opera- 
tions and higher quality paving 





The Blaw-Knox Finishing Machine can also be equipped with a vibratory attachment. How- 
ver, experience has shown that the paving vibrator mounted on the spreader provides better 
compaction, more practical operating procedure, and maximum production of paving slab. The 

reader-Vibrator always remains with the paving mixer and does not have to move back to aid 
in correction of high or low areas. 


Blaw-Knox Spreaders and Finishers including vibratory attachments are available in standard 
Hizes as follows: 10-15 ft. adjustable width, 20-25 ft. adjustable width. 





Your Nearest Blaw-Knox Distributor Will Promptly and Efficiently Handle 
—— Your Inquiries for Construction Equipment. 
Street 
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NEW HOLLAND 


DOUBLE IMPELLER BREAKERS 


WITH DUAL IMPACT ACTION FOR GREATER CAPACITY 


DUAL IMPACT ACTION 


SPEAKS FOR ITSELF... 


Model 3030 Breaker combines primary and 


secondary crushing in one operation. Reduces run 





of-quarry stone to any desired size... produces only 
cubical aggregate. Twin two-ton impellers, rotat 
ing in opposite directions, strike stone ino mid-att 
as it enters the Breaker. Impeller speeds adjust 
from 250 to 1000 R, P.M... controlling size of 
aggregate easily and quickly. 

Ilustrated catalogs on the complete New 


Holland line available on request. New Holland 
Manufacturing Co., Mountville, Pa. 





New Holland designs and builds 
complete portable, semi-portable, and 
stationary crushing plants. Our En- 
gineering Staff is always available for 
consultation on any industrial crushing 
problems. 











Performance Chart of 

+ Model 3030 Operating 

on Pennsylvania Blue 
Limestone. 
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PORTABLE TESTING MACHINE 


FOR THE 


EVERYDAY CONCRETE JOB 


400,000 POUNDS CAPACITY 





NEW PRINCIPLE — FLOATING PLATENS 


FRICTIONLESS HYDRAULIC LOAD APPLICATION 


Readily Convertible For Easy Hand Operation or Small 110-V Motor 


] INFINITELY VARIABLE SPEED REGULATION 


Full Load Gauge 
d Lbs. PerSq. In. 








Light Load & Test Gauge 





Head Lowering Handle 





Gear Assembly Cover 





d Cylinder Centering Arms . i Motor Switch 








Variable Speed Pump 
Unit 














. \y-HP 1 10 V Motor 
Loading Rate Control 
Lever (Neutral Position) _ 
Also the Best Modern Equipment for Capping Test Cylinders by 
; Sulphur or Shot Caps 
For Complete Information Write: 


| CONCRETE SPECIALTIES CO. Coulee Dam, Washington 











790 


JOURNAL AMERICAN CONCRETE INSTITUTE (advertising) 





Feb'y 1947 


“Anti-Hydro” for Durability Through Internal 
Curing of Portland Cement Mixtures 


Increases the Strength and Produces 
Impermeable Concrete or Mortar 


Many construction engineers have specified and insisted on the use of *‘Anti- 
Hydro’’ in concrete and cement mixtures since 1904. 


‘“Anti-Hydro”™’ with any 


brand of standard portland cement, produces more durable and impermeable con. 


crete of increased early and ultimate strength. 


It eliminates special cements, 


surface curing and many different single purpose products which often achieve 
‘their specific advantages to the detriment of equally desirable properties. ‘Ant 
Hydro’’ in concrete and cement mixtures produces all of the following results 
in one operation and at no added cost for labor: 


I. 
Z 


10. 


12. 


13. 


14. 
15. 


Impermeability. 


Increased flow with lowered water-cement 


ratio. 


. Increased workability. 
. Dispersion of cement. 


. Limited air entrainment without sacrifice of 


strength. 


. Uniform curing throughout the entire mass of 


the concrete of vertical or horizontal 


construction. 


. Reduced shrinkage. 
. Increased early and ultimate strength. 


. Control time of set of cement. 


24 hour use of concrete. 


. Protection of reinforcement. 


A better bond between new and old concrere 
and mortars. 


Concrete durable under freeze, thaw and salt 
action. 


Abrasion resistant and non-dusting surfaces. 


Construction speed and economy. 


These results are attested to not only by the 
commercial recognition accorded ‘‘Anti-Hydro” 
during the past four decades, but also by tests con; 
ducted by government and accredited independent 


laboratories. 


These include, in part the labora. 


tories of California Institute of Technology, Case 
School of Applied Science, Columbia University, 


E. L. Conwell & Co., Georgia School of Techno- 
logy, David Kirkaldy & Son, London, England, 
University of Michigan, H. C. Nutting Co., Ray. 
mond G. Osborne, Pittsburgh Testing Labor: 
tories, Smith-Emery Co. and U. S. Engineers. 


“Anti-Hydro”’ is a liquid which is added to the 
gauging water for all portland cement mixtures 
It is a calcined solution of colloidal resinates. The 
formula has remained unchanged since 1904, a 
which time development of the present formuls 
Ferdinand M. 
association with Dr. Thomas B. Stillman. 


was perfected by Hausling in 


Since impermeability, denseness and compressive 
strength are among the measurable criteria of the 
effectiveness of curing media, test data are pre 
sented demonstrating these and other valuable 
properties imparted to concrete by gauging port 
land cement mixtures with ‘‘Anti-Hydro.” 
‘““Anti-Hydro’’ increases the plasticity and 
workability of concrete mixtures. Laboratory 
results reported by the Case School of Applied 
Science, Dept. of Engineering Research of the 
University of Michigan, and California Institut 
of Technology all confirm the increase of slump 
produced by “‘Anti-Hydro. 
W C ratio of 6.75 gals. per sack throughout the 


Using a constatt 


test, with ‘‘Anti-Hydro”’ liquid replacing a like 
amount of water in the mixes containing this 
one U. S. Laboratori 


reports the following comparative results 0 


admixture, Engineer's 


compressive strength and slump 
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With 1% Ga. “‘Anti- 


Without *’Anti-Hydro"’ Hydro” Per Cu. Yd 





Test a | Strength Ee Strength 
No. b } psi a psi 
eel abe Pi celabe 
e2| =="! 7 | 2 | €3/s=%| 7 | 28 
a = | Days |Days|G5| 2 6 | Days | Days 











7 [20 | 151.1 | 2440 | 3560 2.75 | 150.1 | 2650 | 3780. 

2 |2.0 | 151.1 | 2420 | 3820 | 3.00 150.6 2670 | 3700 
| 

} 


2440 | 3540 | 3.00 151.7 | 2560 | 3640 





| 
tvg.| 2.08} 151.1 | 2433 | 3640 | 2.92 | 150.8 | 2627 | 3707 


“Anti-Hydro”’ also increases the tensile strength 
of portland cement mixtures. This has important 
bearing upon the bonding qualities of *’Anti- 
Hydro,"" which were tested by Raymond G. 
Osborne Laboratories of Los Angeles, California. 
“This test was made for the purpose of determin- 
ing the degree of bond possible between a layer of 
poured concrete to be used as topping and the old 
concrete floor slab."" Smith-Emery Company of 
Los Angeles reporting on the shear tests state that 
“the failure in all cases was in the old concrete. 
There was no apparent failure of the bond.’’ (The 
bonding material was a thin portland cement 
gout mixed with “‘Anti-Hydro’’ according to 
specifications. 

Increased compressive strength at all ages is 
obtained with any brand of standard portland 
cement through the addition of *‘Anti-Hydro™’ to 
the concrete mix. 


The graph shows comparative curves with and 
without ““Anti-Hydro”’ in the mix as reported by 
E. L. Conwell & Company, Philadelphia, and 
Dept. of Engineering Research, University of 
Michigan, which are representative of innumera- 
ble comparative ‘‘Anti-Hydro’”’ tests. 


That ‘‘Anti-Hydro’’ protects reinforcing steel 
fom corrosion is reported by E. L. Conwell & 
Company, Philadelphia, in their report of October 
9, 1928, “Specimens exposed to the weather up to 
four weeks showed no sign of corrosion on the 
steel in mixes containing ‘Anti-Hydro.’ *’ 


Another function of *‘Anti-Hydro”’ is its added 
protection against frozen concrete and masonry in 


ANTI-HYDRO 
WATERPROOFING 
COMPANY 


HARDENS 








Square Inch 


c 4Muax 
= Water 
- of Michigan 


a to Ten Parts Water 
Water 


Compressive Strength- Pounds 


~Days 


winter construction, and the earlier use of the con- 
crete. The H. C. Nutting Company reports on a 
series of cylinders which, during the initial 24 
hours, were kept at 15° F. Of 7 without “‘Anti- 
Hydro," 3 were frozen. One (1) containing 
-‘Anti-Hydro”’ out of a total of 7 tested, was found 
“slightly frozen,’’ but subsequently reached its 
normal strength. 


It is in place to refer to government tests on the 
permeability of mortars and to permeability and 
compressive strength tests in which “‘Anti-Hydro”’ 
gauged mixtures were shown to be impermeable 
while increasing the compressive strength of the 
concrete, at all ages reported. Many calcium 
chloride products in these same reports were shown 
to produce more permeable concrete than the 
standard untreated concrete of the same mix. 


Many admixtures and special types of cement 
have been offered from time to time for specific 
purposes of increased workability, strength, im- 
permeability, dispersion or surface curing. Anti- 
Hydro has produced impermeable concrete of in- 
creased strength and has functioned as a durability 
and internal curing agent over a long period of 
years with uniformly satisfactory results. 


265 Badger Avenue 
Newark, N. J. 


WATERPROOFS 


FA I, TL EES ae RS 


' 
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ACI publications in large current demand 


Proposed Manual of Standard Practice for Detailing Reinforced 
Concrete Structures (1946) 


Reported by ACI Committee 315, Detailing Reinforced Concrete Structures, Arthur J. Boase 
Chairman, this book reached the top of the ACI “‘best seller’’ list within one month of its distr. 
bution to all ACI members in good standing in July 1946. It is a large format, bound to lie fg 
and presents —_ engineering and placing drawings with discussion calling attention to 
important considerations in designing practice. It was prepared to simplify, speed, and effeg 
standardization in detailing. It is believed to be the only publication of its kind in English, 
is meeting wide acclaim among designers, draftsmen and in engineering schools. Price—$9.50, 


to ACI Members—$1.50. 
ACI Standards—1946 


180 pages, 6x9 reprinting ACI current standards: Building Regulations for Reinforced Cop. 
crete (ACI 318-41); Minimum Standard Requirements for Precast Concrete Floor Units 
(ACI 711-46); four recommended practices: Use of Metal Supports for Reinforcement (ACI. 
319-42); Measuring, Mixing and Placing Concrete (ACI 614-42); Design of Concrete Mixes 
(ACI 613-44); Construction of Concrete dew Silos (ACI 714-46); and two specifications: Con. 
crete Pavements and Bases (ACI 617-44) and Cast Stone (ACI 704-44)—all between two 
covers, $2.00 per copy—to ACI Members, $1.25. 


Air Entrainment in Concrete (1944) 


92 pages of reports of laboratory data and field experience including a 31-page paper by 
H. F. Gonnerman, “Tests of Concretes Containing Ajir-entraining Portland Cements or Ait 
entraining Materials Added to Batch at Mixer,’’ and 61 pages of the con'ributions of 15 parti. 
cipants in a 1944 ACI Convention Symposium, ‘““Concretes Containing Air-entraining Agents,” 
reprinted (in special covers) from the ACI JOURNAL for June, 1944. $1.25 per copy, 75 
cents to Members. 


ACI Manual of Concrete Inspection (July 1941) 


This 140-page book (pocket size) is the work of ACI Committee 611, Inspection of Con 
crete. It sets up what good practice requires of concrete inspectors and a background ol 
information on the “why” of such good practice. Price $1.00—to ACI members 75 cent, 


“The Joint Committee Report” (June 1940) 


The Report of the Joint Committee on Standard Specifications for Concrete and Reinforced 
Concrete submitting “Recommended Practice and Standard Specifications for Concrete and 
Reinforced Concrete,”” represents the ten-year work of the third Joint Committee, consisting 
of affiliated committees of the American Concrete Institute, American Institute of Architects 
American Railway Engineering Association, American Society of Civil Engineers, American 
Society for Testing Materials, Portland Cement Association. Published June 15, 1940, 140 
pages. Price $1.50—to ACI members $1.00. 


Reinforced Concrete Design Handbook (Dec. 1939) 


This report of ACI Committee 317 is in increasing demand. From the Committee's Fore 
word: “One of the important objectives of the committee has been to prepare tables covering 
as large a range of unit stresses as may be met in general practice. A second and equally 
important aim has been to reduce the design of members under combined bending and axid 
load to the same simple form as is used in the solution of common flexural problems.” —132 
pages, price $2.00—$1.00 to ACI members. 


For further information about ACI Membership and Publications (including pamphlets 
presenting Synopsis of recent ACI papers and reports) address: 


AMERICAN CONCRETE INSTITUTE New Center Building Detroit 2, Michigan 
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CONCRETE REINFORCEMENT BARS 


Rail Steel, a thirty year old standard material, supplied a great 
share of the requirements for war construction under mandatory 
working stresses of 24,000 pounds per square inch. 
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MILD STEEL 
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i 
40 
TYPICAL STRESS-STRAIN CURVES 
STRESS-KIPS PER SQUARE INCH 
ELONGATIJON-INCHES PER INCH 
0 
0 0.10 0.20 0.30 0 40 


Rail Steel Concrete Reinforcement Bars provide an elastic limit 
above 50,000 pounds per square inch and 20 tons of tensile 
strength above the elastic limit for a maximum safety factor. 


Rail Steel deformed bars are rolled to accepted standard sizes in 
accordance with standard patterns for maximum bond resistance, 
assuring the development of high tensile design values and 
requiring no special treatment in design. 


THERE IS AN ASSOCIATION MILL CLOSE TO YOUR 
NEXT PROJECT 


Buffalo Steel Company Laclede Steel Company 
Tonawanda, N. Y. St. Louis, Missouri _ 

Burlington Steel Company, Ltd. Missouri Rolling Mill Corp. 
Hamilton, Ontario, Canada St. Louis, Missouri 


The Pollak Steel Company 
Cincinnati, Ohio 

Southwest Steel Rolling Mills 
Los Angeles, California 


Calumet Steel Division 
Beep. Seenes Corporation 
Chicago, Illinois 


Connors Steel Company Sweet's Steel Company 
Birmingham, Alabama Williamsport, Pennsylvania 

Franklin Steel Works Texas Steel Company 
Franklin, Pennsylvania Fort Worth, Texas 

Inland Steel Company West Virginia Steel & Mfg. Co. 
Chicago, Illinois Huntington, West Virginia 
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The AMERICAN CONCRETE INSTITUTE 


is a non-profit, non-partisan organization of engineers, 
scientists, builders, manufacturers and representatives of 
industries associated in their technical interest with the 
field of concrete. The Institute is dedicated to the public 
service. Its primary objective is to assist its members and 
the engineering profession generally, by gathering and 
disseminating information about the properties and appli- 
cations of concrete and reinforced concrete and their con- 
stituent materials. 


For four decades that primary objective has been 
achieved by the combined membership effort. Individually 
and through committees, and with the cooperation of 
many public and private agencies, members have corre- 
lated the results of research, from both field and labora- 
tory, and of practices in design, construction and manu- 
facture. 


The work of the Institute has become available to the 
engineering profession in annual volumes of ACI Pro- 
ceedings since 1905. Beginning 1929 the Proceedings 
have first appeared periodically in the Journal of the 
American Concrete Institute and in many separate publi- 
cations. 


Pamphlets presenting brief synopses of Journal papers 
and reports of recent years, most of them available at 
nominal prices in separate prints, and information about 
ACI membership and special publications in considerable 
demand are available for the asking. 


New Center Building, Detroit 2, Michigan, U. S. A. 
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Current ACI Standards 


Minimum Standard Requirements for Precast Concrete Floor 
Units (ACI 711-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for the Construction of Concrete Farm 
Silos (ACI 714-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for the Design of Concrete Mixes 
(ACI 613-44) 


24 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Specifications for Cast Stone (ACI 704-44) 


4 pages: 25 cents per copy 


Specifications for Concrete Pavements and Bases (ACI 617-44) 
30 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for Measuring, Mixing and 
Placing Concrete (ACI 614-42) 


30 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for the Use of Meta! Supports for 
Reinforcement (ACI 319-42) 


4 pages: 25 cents per copy 


Building Regulations for Reinforced Concrete (ACI 318-41) 


63 pages in covers: 50 cents per copy. (40 cents to ACI Members) 


Proposed ACI Standards 


Proposed Manual of Standard Practice for Detailing Reinforced Concrete 
Structures 
Reported by ACI Committee 315. It is a separate publication of large format, 
bound to lie flat and presents typical engineering and placing drawings with 
discussion calling attention to important considerations in designing practice. 


55 pages; $2.50 per copy. $1.50 to ACI Members. (Distributed to ACI 
Members in July 1946) 


The Nature of Portland Cement Paints and Proposed Recommended Practice 
for Their Application to Concrete Surfaces 


Reported by Committee 616 as information and for discussion only. 20 pages, 
25 cents per copy (Reprint from ACI JOURNAL, June 1942) 


Proposed Recommended Stresses for Unreinforced Concrete 


Reported by Committee 322 as information and for discussion only. 4 pages, 
25 cents per copy. (Reprint from AC! JOURNAL, Nov. 1942) 


AMERICAN CONCRETE INSTITUTE New Center Building Detroit 2, Michigan 
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—To provide a comradeship in finding the best ways to do 
concrete work of all kinds and in spreading that knowledge. 


43rd Annual Convention 


Monday, Tuesday and Wednesday 
February 24,25 and 26, 1947 


NETHERLAND PLAZA 
CINCINNATI, OHIO 


TECHNICAL COMMITTEE MEETINGS 
(see Bulletin Board at Registration Desk) 


CONVENTION REGISTRATION 


(All registered non-member visitors are welcome at general 
sessions—no registration fee) 


9:00 A. M. MONDAY, FEBRUARY 24 
TO NOON FEBRUARY 26 


in charge of 
ETHEL B. WILSON, Assistant Treasurer 


2:00 P. M. MONDAY, FEBRUARY 24 


President HARRISON F. GONNERMAN and 
Vice-President ROBERT F. BLANKS, Chairmen 


Appointment of Tellers, to canvass ballots of the Annual Election. 


CEMENT GROUTING PRACTICE 
WALTER H. PRICE, Session Leader 


Engineer, U.S. Bureau of Reclamation 


“Contraction Joint Grouting of Large Dams"’ 
A. WARREN SIMONDS 


U.S. Bureau of Reclamation 
See ACI JOURNAL, February 1947, (or separate print) 
where Mr. Simonds describes experiences in the development of 
the present grouting techniques used by the U. S. Bureau of Re- 
clamation in grouting contraction joints in large concrete dams. 
He makes special mention of the grouting of Shasta Dam. 


“Notes on the Theory and Practice of Foundation Grouting"’ 
V. L. MINEAR 
Office, Chief of Engineers, War Department 


The author will discuss the theory and practice of this important 
and costly phase of dam construction. 











ACI NEWS LETTER 


“Oil Well Grouting Practice” 
R. E. MOELLER and HAYDEN ROBERTS 


Halliburton Oil Well Cementing Company 


Oil well grouting, or “‘cementing,”’ as it is known in the pe- 
wotoun industry, has developed highly specialized equipment, 

ies and t ina which extends throughout 
the world wherever oil wells are drilled. The authors will de- 
scribe the methods and equip t used in this special type of 
grouting. 








“The Maintenance and Reconstruction of Concrete Tunnel Linings 
with Treated Mortar and Special Concrete” 


B. D. KEATTS 


Regional Vice-President, Intrusion-Prepakt. Inc 


The author will describe types of failures in concrete tunnel lin- 
ings and the defects often causing them, with a general discus- 
sion of tunnel maintenance problems and the application of a 
treated mortar and special concrete successfully used in repair of 
four railroad tunnel linings. 


8:00 P. M. MONDAY, FEBRUARY 24 


President HARRISON F. GONNERMAN and 
Past-President RAYMOND E. DAVIS, Chairmen 


“Concrete Mix Design”’ 
MYRON A. SWAYZE 


Director of Research, Lone Star Cement Corp 
and ERNEST GRUENWALD 


Manager, ‘‘Incor’’ Division, Lone Star Cement Corp 


Mr. Swayze will present the paper describing a modification of 
the Fineness Modulus method of mix design wherein the cement 
is included in the modulus figures. The modification proposed 
permits the design of equally workable batches of varied cement 
contents from data on trial mixes of a single cement factor. 


‘Apparatus and Methods for the Determination of Air Content of 
Fresh Concrete" 
CARL A. MENZEL 
Research Laboratories, Portland Cement Association 


Mr. Menzel will describe the development and study of ap- 
paratus and methods for determination of the air content of 
fresh concrete. 


“Cracks in Concrete” 
BYRAM W. STEELE 


Office, Chief of Engineers, War Department 


See ACI JOURNAL, February, 1947. The author discusses 
briefly and concisely the causes of cracks in concrete, and 
recommends a practice in planning, design and construction 
to avoid their occurrence to an objectional degree. 


“Erosion of Concrete by Running Water"’ 
WALTER H. PRICE 


U.S. Bureau of Reclamation 


The author will describe results of laboratory shot blast and 
water jet tests made to determine the effect of mix proportions, 
curing, air entrainment and surface finish on the erosion of 
concrete. ples of ion failures and methods af repair 
will be included. 
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“Painting Exterior Concrete Surfaces with Special Reference to 
Pretreatment” 


G. E. BURNETT and A. L. FOWLER 


U.S. Bureau of Reclamation 


Laboratory evid is pr ted to d strate that pretreat- 
ment is invaluable if not tial to the successful use af oil- 
base paints on concrete surfaces. With proper pretreatment, 
it is indicated that paint on concrete may last longer than paint 
on wood and that the customary extended aging period prior 
to painting may be omitted. 








“Painting Concrete Surfaces"’ 
T. H. CHISHOLM 
Hydro-Electric Power Comm. of Ontario 


Mr. Chisholm's brief paper will deal with the application of 
paint to indoor concrete surfaces, 


9:00 A. M. TUESDAY, FEBRUARY 25 
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Past-President DOUGLAS E. PARSONS, Chairman 


PRECAST CONCRETE 


‘Some Problems in Structural Framing of Prescast Concrete Houses"’ 


A. AMIRIKIAN 


Head Engineer, Bureau of Yards and Docks, Navy Department 


The use of precast concrete elements in large scale housing 
projects places special emphasis on the importance of the struc- 
tural framing. Some of the problems encountered in the design 
of the framing will be — and the application of the basic 
principles illustrated by 





“Precast Concrete Houses"’ 


K. P. BILLNER 
and BERT M. THORUD 


President and Chief Structural Engineer, respectively, Vacuum Concrete, Inc 


Precast concrete houses of two and three bedroom design, which 
are being built near Philadelphia utilizing vacuum processes in 
precasting and erection will be described. 


“Basic Features of Design—Precast Concrete Warehouses"’ 
A. AMIRIKIAN 


Head Engineer, Bureau of Yards and Docks, Navy Department 


Mr. Amirikian will describe the unconventional concept of de- 
sign and forming of concrete warehouses built for the Navy. 


“Construction Kinks and Costs, Actual and Comparative—Precast 


Concrete Warehouses" 
LOUIS P. CORBETTA 


Corbetta Construction Company 


The author will tell of his experiences and observations as a con- 
tractor in the construction of precast concrete warehouses for 
the U. S. Navy at Mechanicsburg, Pa. The contract was a- 

ded after competitive bidding on specifications giving the 
contractor the option of selecting either a conventional concrete 
warehouse design of a design of precast concrete construction. 





A motion picture—color film on precast concrete warehouses 
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12 O'CLOCK NOON, TUESDAY, FEBRUARY 25 


GET-TOGETHER LUNCHEON for ACI Members and friends 
who buy their tickets Monday or before 10 o'clock Tuesday 
morning ($2.25 including service). 


At the luncheon PRESIDENT GONNERMAN will present the 


annual awards as follows: 


LEONARD C. WASON Medal for the “‘Most Meritorious Paper’’ 
of ACI Proceedings, Volume 42 (January and February, 1946 
JOURNAL) to 


GERALD PICKETT 
for his paper 


“Shrinkage Stresses in Concrete” 


LEONARD C,. WASON Medal for ‘Noteworthy Research’ to 
CHARLES E. WUERPEL 
for the work reported in his 1945 paper 


“Laboratory Studies of Concrete Containing Aijr-Entraining 
Admixtures"’ 


American Concrete Institute Construction Practice Award 
fora “paper of outstanding merit’ on concrete construction 
practice to 


J. W. KELLY 
and B. D. KEATTS 
‘for their paper in the ACI] JOURNAL, February, 1946, entitled 


“Two Special Methods of Restoring and Strengthening Masonry 
Structures” 


The HENRY C. TURNER Medal 
for ‘‘notable achievement or servi e' to 


MORTON O. WITHEY 


in recognition of forty years of outstanding contributions to our 
knowledge and understanding of concrete and reinforced « 
rete.” 


2:00 P. M. TUESDAY, FEBRUARY 25 


President HARRISON F. GONNERMAN and 
Vice-President STANTON WALKER, Chairmen 


Report of Tellers on the Annual Election of Officers and other 
members of the Board of Direction, and of the members of the 1947 
Nominating Committee. 


Address by the Retiring President 
HARRISON F. GONNERMAN 


Director of Research, Portland Cement Association 


ul 








JOURNAL OF THE AMERICAN CONCRETE INSTITUTE February 1947 





Consideration of proposed amendments to the ACI By-Laws on the 
constitution of the Board of Direction and on dues rates. 


geen Bond Efficiency of Deformed Concrete Reinforcing 
ars” 


ARTHUR P. CLARK 


Research Associate, American lron & Steel Inst., National Bureau of Standards 


See p. 381 December ACI JOURNAL wherein the author de- 
scribes the tests and the results of tests of bond of concrete to steel 
on 17 different designs of deformed reinforcing bars. 


Py Characteristics of Commercial and Prepared Reinforcing 
ars” 


S. T. COLLIER 


Materials Engineer, Kentucky Department of Highways 


A study of the bond resistance of deformed reinforcing bars 
as affected by type of deformation, position of anchorage and 
the consistency of the concrete in which they were embedded. 
The paper will be presented by L. E. Gregg, Associate 
Research Engineer, Kentucky Department of Highways. 


“Proposed Revision of Building Regulations for Reinforced Con- 
crete’ (ACI 318-41) 


Report of Committee 318, ARTHUR J. BOASE, Chairman, 
ROY R. ZIPPRODT, Secretary 


9:30 A. M. WEDNESDAY, FEBRUARY 26 


CONCRETE RESEARCH 
An Open Session of ACI Committee 115, Research 


MORTON O. WITHEY, Chairman; FRANK E. RICHART, 
Vice-Chairman; S. J. CHAMBERLIN, Secretary 
MORTON O. WITHEY, Presiding 


This annual session has grown in importance since its inaugura- 
tion at the Institute's 33rd Annual Convention in New York in 
1937. As in former years there is no stenotypist to record the 
series of brief papers or informal reports on concrete technics 
and initial results in projects under way. Most of those contribut- 
ing are doing so with the understanding there will be no pub- 
lished record ——— as specific release is made to the Institute 
for its sub tion. t.— laboratories do not want 
publicity until ir plete for a fully considered 
record. With this ing Members and Non-members 
attending the convention will be welcome at this open committee 
—, The only way to be sure of what the session develops is 
to be there. 








Adjournment 
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New Members 





The Board of Direction approved 83 
applications (52 Individual, 2 Corporation 
3 Junior, 26 Students) received in De- 
cember. 

The Membership total on January 1, 
1947, after adjustment for a few losses by 
death, resignation and for non-payment of 
dues, is 3075. 


Individual 


Allen, Peter J., 
Colo. 


925 Holly St., Denver 7, 


Aronow, Jacob S., 117 W. 197 St., Bronx 
63, N. Y. 

Avery, William M., Pit & Quarry Publi- 
cations, 5388 8. Clark St., Chicago 5, TI. 

Bechyne, Stanislav, Prague I, Masarykovo 
nabr. 6, Czechoslovakia 

Brandzaeg, Thor G., 
Solligt 7, Oslo, Norway 


Norsk Hydro, 

Campbell, Henry Bayne, U. 8. Bureau of 
Reclamation, 67 W. 6th St., Tracy, 
Calif. 

Carter, Lilly, University of Florida Li- 


brary, Gainesville, Fla. 


Curry, Rembert L., Box 217, Clinton, 
Miss. 

Darling, J. H., 1020 Harrison St., San 
Francisco 3, Calif. 

Dickinson, Scott R., 7111 Ohio River 


Blvd., Ben Avon, Pittsburgh 2, Pa. 


Donovan, John B., 250 Albany St., Spring- 
field, Mass. 

Ellison, W. H., 1045 Sansome St., 
Francisco 11, Calif. 

Farish, T. J., P. O. Box 326, Jackson, Miss. 


Finlayson, A., 


San 


c/o Bengal United Services 


Club, Chowringhee Road, Calcutta, 
India 
Fischl, Rudolf, 3608 Connecticut, St. 


Louis 16, Mo. 
Foley, William E., 716 Market St., Cam- 
den, N. J. 
Ernest D., 
mento, Calif, 


Francis, 1012 J St., Sacra- 


Francisco, Alfonso Posada de, Apartado 

aereo No. 47-68, Bogota, Colombia, S.A. 
Guzman, 3 Sur 3505, 
Puebla, Pue., Mexico 


Frias, Fernando 

Good, Earl F., Canadian Kodak Co. Ltd., 
Toronto 9, Ont., Canada 

Gruhl, Clarence J., 4456 N. Prospect Ave., 
Shorewood 11, Wis. 

Hamilton, R. F., 
tello, Idaho 
Harrison, William, 1669 Grand Ave., New 

York 53, N. Y. 
Hupezyc, Boleslaw, c/o Mr. Alex Gruff, 
325 Central Park W., New York, N. Y. 
R. C., 1206 Bldg., 
Columbia, 8. C. 


702 Second Ave., Poca- 


Johnson, Palmetto 

Kennedy, Charles T., The Ferro Concrete 
Construction Co., Cincinnati, Ohio 

Klaessig, Emil W., 487 Wood-Ridge Ave., 
Wood-Ridge, N. J. 

Klein, Rhoda, U. 8. Waterways Experi- 
ment Station, Concrete Research Divi- 
sion, Clinton, Miss. 

Lamar, Joseph H., 906 Government St., 
Mobile 20, Ala. 

MecCorkindale, D. H., 235 Belsize Drive, 
Toronto, Ont., Canada 

Macauley, J. R., 1181 Guy St., Montreal, 
Que., Canada 

Mackie, J., 
rectorate, 
India 


Irrigation & Waterways Di- 
Gov't of Bengal, Calcutta, 


Mavis, Frederic Theodore, Carnegie In- 
stitute of Technology, Pittsburgh 13, 
Pa. 

Miller, Berne E., 
Altadena, Calif. 


1492 Morada Place, 
Minasian, John K., School of Applied En- 
gineering, 233 8S. 

geles 13, Calif. 
Moe, M. A. J., 21 Bernsdorffsgade, Copen- 
hagen V, Denmark ‘ 


Broadway, Los An- 


Murdoch, Norman, 5376 Belgrave Place, 
Oakland 11, Calif. 
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Pessagno, E. A., 127 Grafton St., Chevy 
Chase, Md. 

Peterson, Ivan C., 2016 W. Fargo Ave., 
Chicago 45, Ill. 

Robb, Alexander E., Concrete Design 
Ltd., 21 Bond St., Leeds 6, England 
Robb, L. W., 914 E. Main St., Streator, 

Ill. 

Smith, Harlen H., Box 1856, Seattle 11, 
Wash. 

Snelgrove, E. C., 51 Woodbridge Road, 
New Barking, Essex, England 

Spillers, Frank L., 1635 Gaylord, Denver 
6, Colo. 

Stuckey, A. R., Stone & Webster En- 
gineering Corp., P. O. Box 264, Bakers 
field, Calif. 

Sumner, J., c/o Green-Blankstein-Russell, 
310 Time Bldg., Winnipeg, Man., 
Canada 

Swerdfeger, John H., 2083 E. 37th Ave. 
Vancouver, B. C., Canada 

Tasio, Pascal L., The Master Builders Co. 
101 Park Ave., New York 17, N. Y. 

Thigpen, George P., 2227 1st Ave. So., 
Birmingham 3, Ala. 

Weidlinger, Paul, 1300 N. Hudson St. 
Arlington, Va. 

Wise, Joseph A., Institute of Technology, 
University of Minnesota, Minneapolis 
14, Minn. 

Wood, J. Eldridge, State Roads Commis- 
sion, 647 W. Redwood St., Baltimore 1, 
Md. 


Corporation 

Kentucky Department of Highways, 
State Office Bldg., Frankfort, Ky. (L. 
EK. Gregg) 

Prima Products Inc., 230 5th Ave., New 
York 1, N. Y. (Simon S. Schulman) 


Junior 

Lleo, Antonio, Spanish Embassy, 2700 
15th St. N. W., Washington, D. C. 

Schwarzbach, Alvin Leon, 109 8. Central 

Ave., Chicago 44, IIl. 

Whitmarsh, Isabel M., Calle F No 63 
(altos) esq. 5a Vedado, Havana, Cuba 


Student 
Alva V. 


Jorge, Heriberto Frias 241, 


Mexico D. F., Mexico 
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Barrena, Francisco Cortina, Campeche 
No. 304, Mexico D. F., Mexico 

Batres, Antonio Gonzalez, Tacuba No. 5, 
Mexico D. F., Mexico 

Benavides, Mario, Emperadores No. 85, 
Colonia Portales, Mexico D. F., Mexico 

Craig, William Clark, 2822 San Pedro, 
Austin, Texas 

Cumming, Jose Lopez Moctezuma, Te- 
huantepec 251, Mexico City, Mexico 

Diaz Nava N., Ramon, Presidentes 170, 
Gral. Anaya, Mexico D. F., Mexico 

Elorriaga, Gustavo Salinas, Granada 36, 
Mexico City, Mexico 

Escalona, Alfonso Marin, Medellin No. 
274, Mexico D. F., Mexico 

Francke L., Oscar F., Gabriel Mancera 
739, Col. Valle, Mexico D. F., Mexico 

Gausewitz, Carl H., 108 E. 
Champaign, III. 

Guerrero, Eduardo Patino, Caohuila 74-A., 
Mexico D. F., Mexico 

Hardaker, Paul H., P. O. Box 1225, Lake- 
land, Fla. 

Huerta, Alvaro Candino, Tuxpango No. 
91, Col. Industrial, Mexico D. F. 

Lippincott, Donald, 205 FE. 
Champaign, II. 

Lotz, John J., 4700 
Philadelphia 24, Pa. 

Mendez, Antonio Mendez, Morena: 229, 
Mexico D. F., Mexico 

Mendez, Santos J., Medellin 
Mexico D. F., Mexico 

Merino, Mario Zendejas, Cipres 
Mexico, D. F. Mexico 

Noriega, Luis Reguer, Angel Albino Corzo 
No. 40, Gustavo A. Madero, Mexico D. 
I’., Mexico 

Osipov, Louis, Dept. of Civil Engineering, 
Experimental Bldg., University of Min- 
nesota, Minneapolis, Minn. 


Armory, 


Green St., 


Frankford Ave., 


No. 274, 


134-6, 


? 


Pastoria, Jaime Maya, Fresno 198, 
Mexico D. F., Mexico 

Rettberg, Gerhard C., 306 E. Green St., 
Champaign, Ill. 

Rojas B., Fernando 
San Jose, Costa Rica 

Scaglietti, Ferdinando, 
San Jose, Costa Rica 

Yarid, Anis, Box 1822, 
Texas, Austin, Texas 


A., Apartado 887, 
Apartado 478 


University of 
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WHO'S WHO in this JOURNAL 





Roy W. Crum 


past president of the Institute and ACI 
Member since 1924 needs no introduction. 
“Mr. Chairman” (p. 613) is his second 
contribution in recent years dealing with 
the technical convention speaking. The 
first, ‘“Technical Tedium or Otherwise,” 
ACI Journat, Apr. 1941, was widely ac- 
claimed and has been reprinted in many 
other technical journals. 


Myron A. Swayze 
ACI 
Lone Star Cement Corp., Wason Research 
Medalist, and former Board member tells 
of his experiences and observations (p. 


Member as representative of the 


617) during a trip through Germany in the 
summer of 1945 as a representative of the 
Foreign Economic Administration study- 
ing the German cement industry. The 
paper was originally presented at the 42nd 
annual convention in Buffalo. 


Byram W. Steele 

author of the paper ‘‘Cracks in Concrete” 
(p. 629) is head engineer (civil) for review 
of reports, plans and specifications for 
flood control dams; inspection of damsites 
and dams under construction and repre- 
OCE at 
board meetings for various dams. 


sentative of the consultants’ 


Mr. Steele was graduated from lowa 
State College with a B.S.C.E. From 1910- 
20 he was engaged in general engineering 
work. 1920-36 he 
U.S. Bureau of Reclamation in structural 


From was with the 
design, tests and investigations of con- 
crete materials, research 
and cement research at 
There followed engagements with the 
TVA and the U.S.E.D. From 1937 to 
1944 Mr. Steele was with the Board of 
Engineers for 
principal 


mass concrete 


Boulder Dam. 


and Harbors as 
(civil) 


similar to those of his present position. He 
has been an ACI Member since 1929. 


Rivers 


engineer with duties 


A. Warren Simonds 


author of the paper on p. 637 “‘Contraction 
Joint Grouting of Large Dams’’ is Head, 
foundation section, dam engineering divi- 
sion, of the branch of design and construc- 
tion, U. S. Bureau of Reclamation. A 
native Texan, Mr. Simonds was graduated 
from the University of Texas in 1931 with 
a B.S. in C.E. 
professional degree of C.E. from the same 
university and an M.S. degree from the 
University of Colarado. 


degree. He also holds a 


Following grad- 
uation he held successively positions of 
engineer, Texas; 
assistant county engineer, Wise county, 


assistant city Paris, 
Texas and then became an instructor at 
A. & M. College of Texas. 

In 1927 he joined the staff of the U.S. 
Sureau of Reclamation as assistant en- 
gineer and was engaged in research work 
and mathematical studies of arch dams. 
For five years he was in charge of the 
Bureau of Reclamation experimental 
laboratory at the University of Colorado. 

In 1936 Mr. 


sultant at the Panama Canal and super- 


Simonds served as con- 


vised the construction joint grouting of 
Madden Dam. 

During World War ITI he was a con- 
sultant to the U. 8S. Navy and had charge 
of the pre-stress grouting of underground 
fuel oil storage tanks in the Hawaiian 
Islands. Mr. 
member of the 


Simonds is an associate 


A.8.C.E. 


W. M. Bassett and M. N. Clair 


are the authors of “Repair of Concrete 
Chimneys with a minimum of Interference 
with Operation of Boilers’’ (p. 653), which 
was presented at the 42nd ACI Conven- 
tion in Buffalo. 

William M. Bassett received an 8S. B. 
Degree from Massachusetts Institute of 
Technology and then went to work for 
the American Bridge Co. as a draftsman 
and later into bridge construction in New 
York. At the beginning of the construc- 
tion of the Grand Central Terminal, he 
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worked for the New York Central Railroad 
and had an important part in this project 
until its completion in 1918, at which 
time his title was Terminal Engineer. He 
then joined the New England Power Con- 
struction Co. and Engineer of 
Structures of the New England Power 
Service Co. An associate commends the 
thoroughness with which he applies him- 
self to design and construction problems 
and his willingness to try new methods. 
Mr. Bassett is a member of the A.8S.T.M. 
and A.S.C.E. and past president of the 
Northeastern Section of the A.S.C.F. 

Miles N. Clair, an ACI member since 
1925, is the author of several ACI papers 
and committee reports and has been a 
member of the Advisory Committee, 
Standards Committee and Board of 
Direction. He is also a member of the 
A.S.T.M., and A.S.C.E. 


is now 


T. C. Powers and T. L. Brownyard 


are the authors of “Studies of the Physical 
Properties of Hardened Portland Cement 
Paste,”’ Part 5 of which appears on p. 669 
of this JournaL. See p. 8 of the Octo- 
ber News Letter for biographical sketches 
of these authors. 





Honor Roll 


February 1, 1946 to Jan. 17, 1947 





As the Honor Roll goes to the printer 
with 14 days left in the Honor Roll year, 
Prof. Alberto Dovali Jaime of the Na- 
tional University of Mexico, who has 
sponsored the application of many of his 
students, leads the list 


Mr. T. E. 


with 514% new 
members. Stanton is second 


with 2414. 


Alberto Dovali Jaime. . 51% 
Rem GORMtOM............ ee 
MII 5 oo a.cb vo tte eo es ee 21 
E. W. Thorson... 13 
Newlin D. Morgan 11 
Walter H. Price.......... sos eee 
Henry L. Kennedy....... , Sy 
R. D. Bradbury......... a 


James A. McCarthy...... J 
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Miguel Herrero... 


C. C, Gieeem............ 
Charles E. Wuerpel..... 


Anton Rydland..... 
ee ae 
Karl W. Lemcke.. 

A. Amirikian....... 


Jacob Fruchtbaum. . _ 


Ray C. Giddings... . 

C. A. H@eRes.......... 
Rene Pulido y Morales 
Lewis H. Tuthill. 


Raymond E. Davis...... 


Grayson Gill... 
Hernan Gutierrez...... 
O. G. Julian..... 
Martin Kantorer..... 
K. E. Whitman.... 

D. R. Cervin...... 

H. B. Emerson..... 
E. F. Harder.... 

F. E. Richart.... 

C. S. Whitney. . 
Birger Arneberg.. . 
Rene L. Bertin. . 


T. B. Colier.... 

B. J. Gey.......... 
Denis O. Hebold. . 

W. M. Honour 

John T. Howell..... 
Wm. R. Kahl..... 
Robert L. Mauchel.. . 
Dean Peabody, Jr... 
Niels M. Plum 

James J. Pollard.... 
J. Antonio Thomen 
Stanton Walker.... 
W. W. Warzyn.. 

R. R. Zipprodt.... 
Hugh Barnes... 

W. A. Carlson.... 
Emil W. Colli... 
H. M. Hadley......... 
F. N. Menefee........ 
E. M. Rawils.... 

H. C. Shields. 

A.L. Siteme ..... 

H. F. Thomson... 

J. W. Tinkler 

John Tucker, Jr... 
Wm. R. Waugh... 
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Paul W. Abeles.... 


wom, mereom.......... 


R. F. Blanks..... 


E. Gonzalez-Rubio 
Issac Hausman..... 
Edwin B. Johansen. 
R. R. Kaufman 


T. R. S. Kynnersley. . 
F. R. McMillan........ 


Arnold A. Mack.... 
H. S. Meissner 

SJ. Mullem........ 
I. Narrow...... 
Paul W. Norton . 
Henry Pfisterer..... 


Raymond C., Reese.... 
Richard A. Roberts .. 


R. D. Rogers..... 
Simeon Ross... .. 
Moe A. Rubinsky... 


John A. Ruhling.... 


R. H. Sherlock... 
LeRoy A. Staples... 
H. D. Sullivan..... 
Hale Sutherland 
Flory J. Tamanini. . 
| 
Piers M. Williams 
Paul L. Battey.. 

R. H. Bogue.... 

S. D. Burks .... 

W. A. Coolidge 

R. A. Crysler 

H. F. Faulkner. . 


Alexander Foster, Jr... . 


E. J. Glennan,..... 
D. E. Gondolfi 

Axel H. Johnson... 
T. C. Kavanaugh... 
Thomas M. Kelly.. 
Raul Lucchetti.... 
F. R. MacLeay 
Benjamin Maltz. . 
Eugene Mirabelli. 
John J. Murray..... 
=. G. Patel........ 


N. L. Shamroy...... 


Thomas C. Shedd..... 
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LeRoy A. Thorssen. . . 


Julius Adler....... 
Walter V. Allen. 
Kasim Atlas........ 
Joseph Avant.... 

A. F. Barabas. . 

J. F. Barbee.... 

H. J. Bateman..... 

F. J. Beardmore... . 
ee 
Joseph W. Body... .. 
E. K. Borchard..... 
ey ee 
re 
Raymond L. Brandes. . 
‘_ 2. ere 
A. S. Brock...... 

M. E. Capouch....... 


Antonio J. Carbonell... 


Ernest F. Carlson. 

R. W. Carlson. ... 

T. J. Cavanagh..... 
Frank W. Chappell. . 
Anthony D. Ciresi..... 
Miles N. Clair..... 
Chas. A. Clark... 

A. BR. Collims....... 
John Conzelman... 
Holly A. Cornell... . 
W. S. Cottingham. . . 
G. H. C. Crampton... 
EK. Davis 


Charles A. Daymude..... 


Isidoro DeBlas.... . 
F. K. Deinboll...... 
Louis H. Doane.. 

C. T. Douglass..... 
Clarence W. Dunham 
Clifford Dunnells.. . 
D. W. Faison...... 


A. G. Fleming..... 


Alexander E. Forrest. . . 


Herman Frauenfelder.. . . 


Harry E. Frech..... 
Robert W. Freeman 
Meyer Fridstein.... . 
J. K. Gannett...... 5 
James F, Gill....... 


George E. Goodall 


Fred A. Gorham....... 


L. E. Grinter...... 


ee ee ee ee ee ee nnn ee eee) 
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ne 
Frank R. Hinds 


Lyman G. Horton 24 
Loren W. Hunt 
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i | 
Edgar R. Kendall 
Edward F. Keniston 
Orville Kofoid 


eececeeccesrerescecereeeseee 


wv eT CEE LEP eee Ce 


M. J. MeMillan 
Edward P. McMullin 
Ian Macallan 


Bryant Mather 
Charles Miller 
Hugh Montgomery 
Robert B. B. Moorman 
John J. Murray 
Wm. T. Neelands 
Ben E. Nutter 
J. Vincente Orozco 
Philip Paolella 


ee ee 
Cecil E. Pearce 
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Jerome M. Raphael... . 1 
Clarence Rawhouser... . Tere 
Se, 
oD oe so 
EB. ©: Rosberg........... <2 
Maurice G. Roux......:. ee 
Maple TmeGeere. .. 5. ee 1 
OS a 
6 Ae ee 1 
Herman Schorer.......... oom 
John C. Seelig........... A 
George G. Smith........... aa 
A Ee 1 


Howard R. Staley... 

Hugh F. Tolley........ 
Bailey Tremper.... . 
Harold C. Trester.... 
LS 
Oscar J. Vago.......... 


Carlos Vasquez... . 


Jose A. Vila......... af 
Joseph J. Waddell... .. 


L. A. Wagner...... 


David Watstein..... 
i o  : 
W. H. Weiskopf....... 
Victor S. Wigmore... . 
Benjamin Wilk..... 


C. D. Williams... . 


George C. Wilsnack. . 
Ralph E. Winslow... . 
Douglas Wood...... 


Ernest B. Wood. . 


The following credits are, 
instance, 50-50” with another Member. 


Eari P. Allabach 

B. G. Anderson 

A. Arnstein 

J. B. Baird 

Michel Bakhoum 
Sabahattin Basman 
E. Ben-Zvi 

E. O. Bergman 

Hugh Bigler 
Carlos Blaschitz 

G. C. Britton 
Ernest L. Brodbeck 
Carlos D. Bullock 
Fred Burggraf 

C. Peter Brzozowicz 
Fred Caiola 

Robert A. Caughey 
W. L. Chadwick 

H. F. Clemmer 

A. B. Cohen 

Sam Comess 

R. E. Copeland 
Rolland Cravens 
Philip Davis 
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by Winter and Pei, Jan. Ju., p. 517. 


Sec. (a), line 4, change “7, and 7’',” 


to “V, and 7.” 


Sec. (a), line 5, change “V, and 7” to 


“T, and 7.” 





A. S. T. M. tentative definition of 


“Admixture”’. 


J. C. Witt, ACI representative on Sub- 
committee V, of A. S. T. M. Committee 
C-9 reports that as a result of action 
taken by Committee C-9 at the June 
meeting, the A.S.T.M. adopted the follow- 
ing as a tentative definition of the term 
“Admixture”’: 

“Admixture—A material other than 
portland cement, aggregate or water, 
that is used as an ingredient of concrete, 
including materials added to the batch 


before or during the mixing and ma- 
terials interground with the clinker for 
the purpose of affecting the properties 
of concrete, excepting gypsum used in 
the normal manufacture of cement.” 


Dr. Witt further reports that it is the 
opinion of some that the definition should 
be revised to omit materials interground 
with the clinker, such materials being 
covered by terminology of cement spe- 
cifications where they are referred to as 
“‘additions’’. 


Admixtures are defined by ACI Com- 
mittee 212—Admixtures, in its report 
‘‘Admixtures for Concrete,’’ ACI Journal, 
November 1944, as follows: “For the 
purpose of this report an admixture is 
defined as a substance other than portland 
cement, aggregate, or water that is used as 
ingredients for concrete.” 


Alexander Greig Fleming 


an ACI member since 1932, died in 
Montreal on January 8 after a_ brief 
illness. Mr. Fleming was born at 
Craigleith, Ontario, was educated at the 
public and collegiate schools in Ontario 
and was graduated from Queens University 


After graduation he was employed by 
the Exshaw Portland Cement Co. at 
Exshaw, Alberta, and by the _ Inter- 
national Cement Co. at Hull, Quebec. 
When the Canada Cement Co. was formed 
in 1909 he became chemist at the Hull 
plant. In 1913 he became Chief Chemist 
for the Canada Cement Co. Ltd. at 
Montreal in which position he continued 
until his death. 


Mr. Fleming was widely known in 
Canada, the United States and South 
America. His outstanding research work 
was in connection with the deterioration 
of concrete in alkali soils. He was a mem- 
ber of the Engineering Institute of Canada, 
A.S.T.M., and was active in committee 
work of these and other technical 
organizations. 
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REINFORCED CONCRETE COLUMNS 
UNDER COMBINED COMPRESSION 
AND BENDING............+.+5+0+- 43-1 
HAROLD E. WESSMAN—Sept. 1946, pp. 1-8 (V. 43) 


Algebraic methods available heretofore for the analysis 
of the reinforced concrete column subject to combined 
compression and bending have usually involved the solu- 
tion of a complex cubic equation and have taken con- 
siderable time when applied to particular problems. A 
new method of successive approximations converging 
rapidly to an exact answer and avoiding the use of the 
cubic equation is presented in this paper. The key to the 
method is the reciprocal relationship existing between 
the load axis and the neutral axis of the transformed sec- 
tion. The method may be applied to any shape of cross 
section and any arrangement of reinforcing steel, provid- 
ing there is one axis of symmetry and the plane of bending 
coincides with this axis. The + Seen behind the method is 
presented and illustrated with three typical problems. 


EFFECT OF MOISTURE ON THERMAL 
CONDUCTIVITY OF LIMEROCK 
CONCRETE.......00eeeecececececeee 43-2 
MACK TYNER—Sept. 1946, pp. 9-20 (V. 43) 


The coefficient of thermal conductivity, k, of limerock con- 
crete is a function of temperature, composition and density 
or moisture content. No attempt has been made to 
measure the effect of temperature on k. Holding the 
temperature reasonably constant, the effect of composi- 
tion on k has been measured for two limerock concrete 
mixes (1:5 and 1:7 by volume). The 1:5 mix has a k that 
is 10 per cent larger than the k for the 1:7 mix. 

With the temperature and composition held constant, 
the effect of moisture on k for the 1:5 and 1:7 mixes has 
been measur The moisture content has a very profound 
effect on k, e.g. increases of moisture from zero to 5 per 
cent increases the k of 1:5 mix by 23 per cent and from 
zero to 10 per cent increases the k by 46 per cent. Con- 
cretes should be kept dry if their maximum heat insulation 
effect is desired. 


CEMENT INVESTIGATIONS FOR 
OULDER DAM—RESULTS OF 
TESTS ON MORTARS UP TO AGE 
OF 10 VEARS.....ccccccccccccccee 4303 
RAYMOND E. DAVIS, WILSON C. HANNA and 
ELWOOD H. BROWN—Sept. 1946, pp. 21-48 (V. 43) 


The effects of composition and fineness of the laboratory 
cements employed in cement investigations for Boulder 
Dam upon strength, volume changes, and sulfate resistance 
of mortars, are reported for ages up to 10 years. For both 
wet and dry storage conditions, factors for each of sev- 
eral ages are given which indicate the contribution of 
each of the four major compounds present in portland 
cement to tensile and compressive strengths and volume 
changes. 


* ANALYSIS AND DESIGN OF ELE- 
MENTARY PRESTRESSED CONCRETE 
MEMBERS 
HERMAN SCHORER—Sept. 1946, pp. 49-88 (Vol. 43) 


The purpose of this paper is to outline the analysis and 
design of el tary prestressed concrete members, such 





as beams, columns, ties, etc., subjected to internal and 
external axial forces and bending moments. The internal 





stresses, caused by the action of the prestress forces, are 
combined with the stresses due to external loads in three 
typical loading stages. The first stage considers the stress 
condition resulting from the simultaneous application of all 
sustained loads, The second stage determines the stress 
changes due to normal live loads, based on a truly mono. 
lithic participation of the entire concrete area. The third 
stage assumes a cracked tension zone, which condition 
introduces the derivation of ultimate stresses and clarifies 
the influence of the prestress action on the type of failure. 
The analytical expressions are simplified by means of 
convenient ratios, which essentially define the sectional 
shape, the effective steel prestress, and the concrete fiber 
stresses. Numerical examples serve to illustrate the various 
steps. 


*wSTUDIES OF THE PHYSICAL 
PROPERTIES OF HARDENED PORT- 
LAND CEMENT PASTE 


(Part 1) Price 50 cents......... ene - 43-54 
(Part 2 and appendix) Price 75 cents. ..43-5b 
(Part 3) Price 50 cents....... oaauaied 43-5¢ 
(Part 4, appendix to parts 3 and 4) Price 
eda as ae H8e-o e's 60 EN 43-5d 
Part SI PUO BO COMB. occ cc ccccccccss 43-5e 


T. C. POWERS and T. L. BROWNYARD—Oct. 1946, pp. 
101-132, Nov. 1946, pp. 249-336, Dec. 1946, pp. 469. 
504, Jan. 1947, pp. 549-604, Feb. 1947, pp. 669.712 


(V. 43) 
IN NINE PARTS 


Part 1. A Review of Methods That Have Been Used for 
Studying the Physical Properties of Hardened 
Portland Cement Paste 
Part 2. Studies of Water Fixation 
Appendix to Part 2 
Part 3. Theoretical Interpretation of Adsorption Data 
Part 4. The Th dy ics of Adsorpti 
Appendix to Parts 3 and 4 
Part 5. Studies of the Hardened Paste by Means of 
Specific-Volume Measurements 
Part 6. Relation of Physical Characteristics of the Paste 
to Compressive Strength : 
Part 7. Permeability and Absorptivity 
Part 8. The Freezing of Water in Hardened Portland 
Cement Paste 
Pat 9. G 1S yo gs on the Properties of 
Hardened Portland Cement Paste 
This paper deals mainly with data on water fixation in 
hardened portland cement paste, the properties of evapor- 
able water, the density of the solid substance, and the 
porosity of the paste as a whole. The studies of the 
evaporable water include water-vapor-adsorption charae- 
teristics and the thermodynamics of adsorption. The dis. 
cussions include the following topics: 


1. Theoretical interpretation of adsorption data 
2. The specific surface of hardened portland cement 
paste 
. Minimum porosity of hardened paste 
. Relative amounts of gel-water and capillary water 
. The thermodynamics of adsorption 
The energy of binding of water in hardened paste 
. Swelling pressure 
. Mechanism of shrinking and swelling 
9. Capillary-flow and moisture diffusion 
10, Estimation of absolute volume of solid phase in 
hardened paste 
11. Specific volumes of evaporable and non-evaporable 
water 
12. Computation of volume of solid phase in hardened 
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14. Relation of physical characteristics of paste to 
compressive strength 

15. Permeability and absorptivity 

16. Freezing of water in hardened portland cemen! 


paste 
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ACI NEWS LETTER 15 


*MINIMUM STANDARD REQUIRE- 
MENTS FOR PRECAST CONCRETE 
FLOOR UNITS wsee 43-6 


REPORTED BY ACI COMMITTEE 711—Oct. 1946, pp. 
133-148 (V. 43) In special covers 


Supersedes 40-17, 42-11. 

These minimum standard requirements are to be used as 
wpplements to the ACI “Building Regulations for Rein- 
forced Concrete’ (ACI 318-41). With respect to design 
for strength, i. e., for bending moment, bond and shear 
stresses, all types shall be designed in accord with standard 
reinforced design theory and AC/ 318-41. With respect 
to cover, there is in some cases departure therefrom 
justified by the greater refinement in the finished product 
when made by factory methods with factory control. Pre- 
cast floor systems with |-beam type and hollow core type 
joists are covered. Appendix contains applicable sec- 
tions of the ACI code (ACI 318-41). This report, a 
nally published in Feb. 1944 Journal, has been revised by 
the committee and adopted by the Institute as an ACI 
Standard, Aug. 1946. The committee consists of F. N. 
Menefee, Chairman, Warren A. Coolidge, R. E. Copeland, 
Clifford G. Dunnells, H.°B. Hemb, Harve Kilmer, Glenn 
Murphy, Gayle B. Price, John Strandberg, J. W. Warren, 
Roy R. Zipprodt. 


#RECOMMENDED PRACTICE FOR 
THE CONSTRUCTION OF CONCRETE 
FI SILOS .nncccccccccccccccccs 43-7 


REPORTED BY ACI COMMITTEE 714—Oct. 1946, pp. 
149-164 (V. 43) In special covers 

Supersedes 40-10, 42-12. 

These recommendations describe practice for use in the 
design and construction of concrete silos-——stave, block 
and monolithic, for the storage of grass or corn silage. 
The report is the work of the committee consisting of 
William W. Gurney, Chairman, J. W. Bartlett, Walter 
Brassert, Claude Douthett, Harry B. Emerson, William G. 
Kaiser, R. A. Lawrence, G. L. Lindsay, J. W. McCalmont, 
Dalton G. Miller, C. C. Mitchell, K. W. Paxton, B. M. 
Radcliffe, Charles F. Rogers, Stanley Witzel. It was 
adopted by the Institute as an ACI Standard Aug. 1946. 


THE DURABILITY OF CONCRETE IN 
DE. \o.5:s o:0'5h-b wae dbe-s mash eau ae 
F.H. JACKSON—Oct. 1946, pp. 165-180 (V. 43) 

This paper discusses the problem of concrete durability 
with reference primarily to highway bridge structures 
located in regions subject to severe frost action. Four 
major types of deterioration are defined and illustrated 
and several specific matters which have bearing on the 
problem, including the effect of construction variables 
modern vs. old fashioned cements, air entrainment and 
the so-called ‘‘cement-alkali’’ aggregate reaction, are 
discussed. The report concludes with a series of 


recommendations indicating certain corrective measures 
which should be taken. 


WEAR RESISTANCE TESTS ON CON- 
CRETE FLOORS AND METHODS 
OF DUST PREVENTION ........... 43-9 


GEORG WASTLUND and ANDERS ERIKSSON—Oct. 
1946, pp. 181-200 (V. 43) 


This paper presents a description of tests made on con. 
crete floor specimens of various types in order to determine 
their resistance to wear and to investigate the character 
of deterioration of concrete floor surfaces due to traffic 
The results of these tests show that concrete floors pro- 
vided with finish courses containing coarse aggregate up 
to about 44 inch in size and an excess of pea gravel are 
definitely superior to concrete floors with a finish course 
containing fine sand only which are common in Sweden 
at the present time. Moreover, this investigation has 
helped to elucidate the causes of the often very severe 
ond detrimental dusting of concrete floors. The surface 
thin of concrete floors is of poor quality and is easily 
abraded. Dusting can be considerably reduced if the 
poor surface skin is removed by machine grinding provided 

t the concrete below the surface skin is of first-rate 


errors ee ee eeeeee 


quality. The paper concludes by proposing a detailed 
tentative specification for concrete floor finish which 
differs in essentials from current Swedish practice. 


*LINING OF THE ALVA B. 
ADAMS TUNNEL.................-43-10 
RICHARD J. WILLSON—Nov. 1946, pp. 209-240 (V 


The 13.03 mile Alva B. Adams Tunnel, excavated under 
the Continental Divide, as a part of the transmountain 
water diversion plan of the Colorado-Big Thompson Pro- 
ject, United States Department of the Interior, Bureau of 
Reclamation, is now lined with concrete. Lining equip- 
ment and methods and aggregate processing are de- 
scribed. 


REPAIRS TO SPRUCE STREET 
BRIDGE, SCRANTON, PENNA......43-11 
A BURTON COHEN—Nov. 1946, pp. 241-248 (V. 43) 


Repairs and reinforcements of the Spruce Street Bridge 
built in 1893 over the Lackawanna Railroad and Roaring 
Brook in Scranton, Pa. are described. The effective 
application of the “Alpha System-Composite Floor De- 
sign’’ reinforced the floor system at the same time a new 
concrete floor slab was laid Concrete prices are in- 
cluded and eleven illustrations supplement the text of the 
paper. 


THE STRUCTURAL EFFECTIVENESS 
OF PROTECTIVE SHELLS ON REIN- 
FORCED CONCRETE COLUMNS....43-12 
F. E. RICHART—Dec. 1946, pp. 353-364 (V. 43) 


This paper presents a study of 108 plain, tied or spirally 
reinforced concrete columns. The columns were 7, 8 and 
9 in. round or square, 45 in. ong, and the ties and spirals 
were 6 in. in diameter 
The columns were loaded axially, with “flat” ends. 
Strains were measured and close observations were made 
of the initial failure of the protective shell. 

Analyses of the test results were made to see if the column 
shells were fully effective. This was the case with the 
shells of spirally reinforced columns, but the tied columns 
showed a slight deficiency in the strength expected on 
the basis of previous tests of the 1930 ACI column 
investigation 

The test results lend support to the design methods pre 
scribed in the current ACI Building Regulations for 
Reinforced Concrete 


PRECAST CONCRETE STRUCTURES. .43-13 
A. AMIRIKIAN—Dec. 1946, pp. 365.380 (V, 43) 


Precasting is becoming a major factor in the choice of 
reinforced concrete as a construction material because of 
ever-rising cost of labor and materials. The advantages 
of precasting are not however confined to savings in cost 
and materials. Since it isa planned method of construction, 
comparable to factory production, its use also assures a 
better control of quality and speedier completion of the 
project. This article is an attempt to show how precasting 
can be utilized to provide the framing of a great variety 
of structures. The first part deals with bent type of framing 
as used in buildings, the second describes a novel type of 
framing consisting of precast cells, particu ar y suitable for 
floating structures 


COMPARATIVE BOND EFFICIENCY 

OF DEFORMED CONCRETE REIN- 
FORCING BARS............++++++++43-14 
ARTHUR P. CLARK—Dec. 1946, pp. 381-400 (V. 43) 


The purpose of the tests described was to determine the 
resistance to slip in concrete of 17 different designs of 
deformed reinforcing bars. 

The tests were of the pull-out type in which the bars were 
cast in a horizontal position, the depth of concrete under 
the bars and the length of embedment were varied. The 
slip of the bar was measured at the loaded and free end 
Three tests were made of each variable for each design 
of deformation. 








It was established that a certain group of the bars was 
definitely superior to the others, in the sense that their 
average rating was significantly higher than the average 
of the others. Bars cast in the top position were much 
less effective than those cast in the bottom position. 


*&PROPOSED REVISION OF BUILD- 
ING REGULATIONS FOR REIN- 
FORCED CONCRETE (ACI 318-41)..43-15 


REPORTED BY ACI COMMITTEE 318—Dec. 1946, pp. 
401-468 (V. 43) 


The report with its proposed changes has been released 
the Standard Committee for convention action. 

The contents are fully explained in the title. The current 

“code” appears in full in larger type; the proposed 

changes in smaller type. Published for information and 

study prior to convention consideration. 


HIPPED PLATE CONSTRUCTION. . . . 43-16 


GEORGE WINTER and MINGLUNG PEI—Jan. 1947, 
pp. 505-532 (V. 43) 


This paper discusses and illustrates a method of design 
and construction increasingly us in Europe since the 
early thirties, but hardly known in this country. Named 
“Faltwerke’’ abroad, such structures consist of rigid 
reinforced concrete boxes made up of slabs joining at 
various angles, without the aid of beams or girders. In 
view of the considerable rigidity of the box as a whole, 
such structures can be made to bridge considerable spans 
without intermediate supports in the form of columns, 
frames or trusses. The type of construction is particularly 
applicable to bunkers, long span roofs, hangars, and the 
like. 

The paper is essentially a digest of the very extensive 
European literature on the subject. It aims to discuss the 
essential design procedures, though not pretending to be 
complete with regard to questions of somewhat secondary 
importance. Originality is only claimed in the develop- 
ment of an appropriate, simplifying distribution method, 
the introduction of a consistent sign convention, and other 
substantial, practical simplifications. 

Examples of erected structures are illustrated, a design 
example is given, and an extensive foreign bibliography 
is cuntaded. 


HYDRAULIC STRUCTURE MAINTE- 
NANCE USING PNEUMATICALLY 
PLACED MORTAR................ 43-17 


W. L. CHADWICK—Jan. 1947, pp. 533-548 (V. 43) 


Where exposed to frequent freezing and thawing cycles 
while saturated, concrete in ee ene structures and on 
snow-covered flat or nearly flat surfaces suffers deteriora- 
tion which requires repair before the strength of the 
affected structure is seriously impaired. The principal 
causes of deterioration are enumerated, and several meth- 
ods of customary repcir are discussed, with special mention 
of the methods employed in making repairs to a number 
of hydraulic conduits and dams in the high Sierras 
of California. 


MR. CHAIRMAN ...........++++++-43-18 


R. W. CRUM—Feb. 1947, pp.613-616 (V. 43) 


The author “has fun’ over the performance of chairmen 
in the conduct of technical meetings as he did on another 
occasion, with the authors’ presentations of their papers, 
in “Technical Tedium or Otherwise.” 
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OBSERVATIONS OF WAR 

DAMAGE TO CONCRETE AND TO 
CEMENT INDUSTRY PROPERTIES IN 
casas caoe cit 43-19 
MYRON A. SWAYZE—feb. 1947, pp. 617-628 (V, 43) 


While on a seven week trip through Germany making a 
survey of the German cement industry, the author observed 
damage to structures resulting from allied bombing. Types 
of German cement are compared with American cement 
and though German cements were generally considered 
as inferior to American, their high quality of concrete 
presented a paradox as seen in the durability of their 
roads. Illustrations show results of bombing on hotels 
bridges, cement and industrial plants and dams. An 
interesting example of the use of a mound of gravel gs 
form work tor an arch factory roof is described . The 
author believes American engineers could profit by a 
study of German examples of precast concrete. 


CRACKS IN CONCRETE.............43-20 
BYRAM W. STEELE—Feb. 1947, pp. 629-636 (V. 43) 


Cracks in concrete that are irregular and uncontrolled 
are objectionable. If causes were better understood, the 
elimination of cracks would be less difficult. Cracks are 
mainly due to one or more of the following causes: 1) 
lack of adequate investigation of all of the ingredients 
involved; 2) lack of sufficient advance planning to obtain 
satisfactory results; 3) lack of team work in the human 
element involved in this intricate manufacturing process; 
and 4) lack of teamwork (compatibility) in the ingredients 
which include alkali aggregate reaction and the use of 
argillaceous limestone oe chert as aggregate. The 
modern laboratory's test procedure will not condemn many 
limestones and cherts that are capable of starting surface 
cracking. The elimination of unsound types is not at all 
a simple procedure. A suggested A-B-C procedure is 
offered toward the partial elimination of cracks: A to 
establish approved sources of aggregate with good service 
record; 6 thoroughly investigate new sources of supply 
subjecting them to all known tests including analysis by a 
petrographer, C study the design of every structure pro- 
posed with a view towards eliminating structural crack 
by proper control of the design of the mix and the placing 
of the concrete and provide relief from volume change 
tensile stresses with designed cracks placed where they 
will not be objectionable. ‘ 


CONTRACTION JOINT GROUTING 
OF LARGE DAMS....... easenched 43-21 
A. WARREN SIMONDS—Feb. 1947 pp. 637-652 (V. 43) 


The practice of the United States Bureau of Reclamation 
is to build large dams in blocks bounded by keyed joints 
to minimize cracking caused by shrinkage which is due to 
dissipation of the setting heat of the concrete. After the 
concrete reaches its minimum temperature the voids in the 
joints between the blocks are filled with cement grout 
under pressure to create a concrete monolith. This paper 
describes experiences in the development of the present 
grouting techniques and the actual process of grouting 
contraction joints in large concrete dams. Special 
reference is made to grouting at Shasta Dam. 


REPAIR OF CONCRETE CHIMNEYS 
WITH A MINIMUM_ OF _INTER- 
FERENCE WITH OPERATION OF 
DOES oc ccccccsccccccccccccces » «A322 


W. M. BASSETT and M, N. CLAIR—Feb. 1947 pp. 
653-668 (V. 43) 


Demolition of a concrete chimney at public utility plant 
provided an opportunity to study the relation of 
content of the cross section of the shell to the condition of 
the concrete. This data used to supplement physica 
examination in determining necessity for repair of two 
other chimneys at same plant. Wartime conditions fe 
quired repair without plant shutdown. Methods em 
ployed and results obtained are described in detail. 
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Some Problems in Structural Framing of Precast 
Concrete Houses* 


By A. AMIRIKIANT 


Member American Concrete Institute 


SYNOPSIS 

The use of precast concrete elements in large-scale housing projects 
places special emphasis on the importance of the structural framing. 
In order to take full advantage of benefits inherent in the precast tech- 
nique, it is necessary that the design of the framing be given the same 
care as that generally accorded to the structural analysis and design of 
any large and important structure. To this end, criteria of design and 
the arrangement of framing are predicated on theoretical as well as on 
practical considerations, to assure adequacy of strength, adaptability 
to mass production and economy of construction. Some of the problems 
encountered in the design of the framing are discussed in this paper; and 
the application of the basic principles is illustrated by two examples 
outlining the arrangement and details of framing of two types of low- 
cost. dwellings. 


INTRODUCTION 


According to popular concept, the design of a house is purely an 
architectural problem. If by design it is intended to convey the idea of 
layout, architectural style and decorative treatment, there can be, of 
course, no question regarding the propriety of such a designation or 
understanding. This, however, is a rather narrow definition of the 
word. A truer and broader definition of design would include, in addition 
to architectural composition and treatment, also the work necessary for 
devising the supporting framing. 

The apparent lack of emphasis on the structural framing may also be 
due to the fact that in the conventional type of house construction, 
where masonry and wood are used to a greater extent, the structural 
elements usually comprise only a small part of the supporting system. 


*Presented at 43rd Annual ACI Convention, Feb. 25, 1947. . 
tHead Designing Engineer, Bureau of Yards and Docks, Navy Dept., Washington, D. C. 
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These elements, which in most cases are hidden in the completed build- 
ing, may consist of an occasional column, beam or girder supporting a 
floor or partition, or a wall panel serving as a basis for attachment of 
the exterior veneer and interior finish. In contrast, in a house built by 
the precast technique, the framing or shell may consist almost entirely 
of precast elements. In addition, the use of precast framing will, in 
general, obviate the need of the exterior veneers and, in some cases, 
also provide a decorative motif for the interior surfaces patterned in the 
castings. In such instances, the framing becomes equally important 
as a structural problem or as an architectural medium, requiring the 
joint efforts of the architect and the engineer. 

With this view, the appearance of the structural engineer in this 
generally accepted architectural domain should not be considered as an 
intrusion to be resisted and discouraged. On the contrary, his role is 
one of assistance and cooperation predicated on the attainment of the 
common desired goal—a beautiful house, built speedily and economi- 
cally with the aid of the new technique of precast concrete construction. 


GENERAL SCOPE OF PROBLEMS 


The basic problems in design of the framing of a concrete house do not 
differ materially from those of a larger precast concrete structure. Es- 
sentially, the required work consists of devising a framing which is 
adaptable to mass production, possesses ample strength and assures 
economy of construction. The successful design will, accordingly, be 
governed by both theoretical as well as practical considerations. These 
include the choice of elements or castings, arrangement of framing, 
methods and details of interconnection and miscellaneous problems of 
actual or routine design. A brief discussion of these problems follows. 


Elements of framing 


The ribbed panel constitutes the principal framing element of a 
concrete house built by the precast thin-shell technique. The ribbed 
arrangement provides flexibility in design, higher relative strength in 
framing (as compared to a conventional panel of uniform thickness) and 
economy of construction. 

From a standpoint of design, the ribbed panel presents in itself a 
framing system in miniature. First, there is the skin or face slab which 
provides local support for the imposed loading. It is designed as a two- 
way flat slab, utilizing closely-spaced wire-mesh reinforcing. In thick- 
ness, it may be made as thin as 34 in. Then there are the ribs which 
may be classed in two groups: (a) the main or primary ribs and (b) 
secondary ribs. The secondary ribs provide support for the slab and, 
in turn, are supported by the main ribs. They are designed as restrained 
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or continuous beams, with a resulting depth seldom exceeding 4 in. 
The main ribs act as girders in supporting both the slab and the secondary 
ribs. Spanning the length or height of the panel, with a depth of 6 to 8 
in., they constitute the principal strength members of the element. 

Obviously, no rigid rules or limitations can be set regarding the size 
and the weight of a panel. Such limitations will generally differ for each 
job in accordance with the layout, design requirements and the available 
facilities for casting, handling and erection of the elements. 

In framing arrangement, the panel may conform to one of the two 
basic outlines shown in Fig. 1. As will be noted, the two types differ 
only in the transverse arrangement of the sub-panels. In Fig. 1(a), 
the width of the element is subdivided into two equal sub-panels, with 
a main rib at the center and an edge beam of equal depth at each of the 
two longitudinal boundaries. In Fig. 1(b), the division of the width 
is made on the basis of a full sub-panel at the middle and a half bay at 
each side, resulting in two interior main ribs and two longitudinal edge 
ribs of reduced depth. 

The ribbed panel is adaptable for use in the framing of floors and 
roof as well as walls. In the last case, the ribbing replaces not only the 
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wall studs, but the door and window jambs, sills, head frames and the 
baseboards. 

Other framing elements which may be utilized in certain layouts in- 
clude columns, girders, grade beams and foundation piers. These 
elements will, in general, consist of channel-shaped units and, in most 
cases, are put together to form hollow tubular sections. A brief descrip- 
tion of the latter elements was given in the December, 1946, issue of the 
Journal.* 

Arrangement of framing 

The framing of a concrete house will conform to two basic types of 
arrangement. In one type, the panels will span from wall to wall with- 
out the aid of intermediate supports in the form of girders, columns or 
bearing partitions. Since the entire framing in this system will consist 
of panels, the arrangement may be designated as an “‘all-panel”’ framing. 

When the distance between the longitudinal walls of a building be- 
comes too large, rendering the use of correspondingly large single-span 
panels impracticable, the panels are then supplemented with an aux- 
iliary system of supports. The latter will consist mainly of interior 
columns and girders, which are located so as to make them the least 
objectionable from the layout standpoint. 

As a general guide, 24 ft. may be considered as the practical limit for 
a single-span panel framing. Although panels can be designed to span 
still greater distances, it is believed that the resulting castings will be 
found too unwieldy for handling and, in most cases, will prove to be an 
uneconomical design. 


Connections and jointing 

Interconnections of the framing elements are most conveniently and 
economically accomplished by means of bolting. For this purpose, 
ordinary pipe-sleeves are cast in the edge beams of the panels. These 
sleeves, which have inside dia. 4 in. to % in. larger than the connecting 
bolts to provide some tolerance in placement and subsequent assembly, 
are cast either through the thickness or the depth of the beam, in accord- 
ance with the relative position of the connection elements. For connec- 
tions between wall panels at the corners, a bolt insert may be substituted 
for the sleeve in one of the members to obviate protrusion of the bolt 
head through the exposed face of the panel. At other locations where 
the connections are left exposed, and where the exposures of bolt heads 
and nuts are deemed as objectionable, the desired concealment may be 
obtained by a cover of grout. The covér may be deposited either as a 
small surface projection or made flush by placing it in recessed grooves 
cast integral with the element. 


*Precast Concrete Structures”, by A. Amirikian, ACI Journat, Dec. 1946, Proc. V. 43, p. 370. 
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In general, no grouting of splices between the panels will be required. 
Thus the erection of the framing will consist of a so-called “‘dry assem- 
bly,” obtained solely by bolting. When the panel framing is supple- 
mented with girders and columns, the connections of the latter two 
members may also, in some cases, involve grouting and anchorage 
of projecting reinforcing into specially provided connection pockets. 

Another location where closure of open joints might be necessary is 
in the wall panel splices. The problem presented here is, however, one 
of weather-tightness and not of strength, since the stress transfer is 
mainly through the connection bolts. For horizontal joints, the simplest 
way of obtaining the desired protection is by an overlapping connection 
arrangement. For vertical joints, the necessary seal can be provided 
by use of a satisfactory joint filler, possessing sufficient consistency to 
resist heat and flexibility to absorb the strains due to temperature and 
loading. 


Design data 

The use of slender framing elements and the bolted connections requires 
vareful investigation of stresses under various conditions of loading. 
The framing is analyzed as a bent having rigid and semirigid connections. 
No restraint is, however, assumed under dead load of framing during 
assembly. Strength computations are also made for the individual 
members in handling and erection. For the latter purpose, it will be 
necessary to establish points of support and a procedure of operations, 
and outline the method and sequence of erection. 

The quality of concrete will be considerably higher than that gen- 
erally utilized in conventional construction, the specified 28-day com- 
pressive strength varying from a minimum value of 3000 psi to a maxi- 
mum desirable value of about 5000 psi. For allowable working stresses, 
the values given in the ACI Building Code may be increased in direct 
ratios of the nominal compressive strengths specified for the concrete 
mix. 

In computing stresses for handling and erection, the analysis is made 
on the basis of homogeneous sections. An allowable tensile stress of 
400 psi for concrete in flexure may be used for this purpose. The panel 
slabs are reinforced with high-yield wire fabric of close mesh; and ordinary 
reinforcing bars are used in the ribs and other supporting elements. 


Other problems 


The foregoing are the basic problems pertinent to the design of the 
framing. There are, of course, a number of other problems which 
affect the completed building. The latter category includes work essen- 
tially in the architectural domain, covering such features as archi- 
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tectural layout and treatment, interior finish and partitions, insulation, 
heating, plumbing and equipment. 

Also excluded from this discussion are such construction problems 
as planning of production, preparation of molds, casting of elements and 
erection of the framing. 


EXAMPLES OF FRAMING 


There are a great number of possible variations in the design of a 
house. This is true for the plans as well as sectional outlines. For this 
reason, it is not practicable to cover all such variations by illustrative 
examples of framing. However, there are certain basic arrangements 
and details which may be considered as typical for all layouts. The 
application of these basic considerations will be illustrated by two 
examples of framing proposed by the writer. The corresponding 
projects represent low-cost type dwellings developed for use by the Navy. 
Two-story house framing 

The first example illustrates the use of an all-panel framing. It con- 
sists of a two-story row-house, a view of which is shown in Fig. 2. Rather 
simple in outline, the building is characterized by its continuous lines 
of windows, wide canopies at second floor and roof level, and the flat 
roof. In plan view, Fig. 3, the house measures 18 ft. by 26 ft. with a 





Fig. 2—Architect’s rendering of two-story row houses 
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storage room of 7 ft. 4 in. by 9 ft. 6 in., located between two adjacent 
units in an alternating sequence. 


The layout and the pattern of the panels are predicated on modular 
design. The adopted module, which is 3 ft. 8 in., governs the spacing 
of the main and secondary ribs in the floor and roof panels, as well as 
the spacing of the vertical ribs in the wall panels. 


For clarity of presentation, the wall sections in the two floor plans 
(Fig. 3) are confined solely to the panel framing, omitting details of the 
interior finish. In effect, the plans show complete horizontal views of the 
assembled wall panels, the sections being taken through the windows. 
As will be noted, there are four panels in each longitudinal wall, including 
the storage room, and two panels in each transverse wall, one of which 
constitutes a division wall between two adjacent house units. It is 
also to be noted that the vertical splices are located midway between the 
main ribs. Since the latter members serve as jambs in the panels con- 
taining the windows, this arrangement obviates splices at the ribs and 
provides single-section posts of relatively narrow width and slender 
proportions. 

Elevations of two wall panels are shown in Fig. 4(a) and (b). Both are 
corner panels, and illustrate the general pattern of castings containing 
door and window openings. The spacing and location of the horizontal 
ribs conform to these openings, with the two interior lines forming 
headers and sills. The bottom edge beam is made somewhat thicker to 
serve as a baseboard, and has a projecting lip or flange for joint overlap. 
Other details of the panels are indicated in Fig. 4(f) and (g). 


Four panels are used in the framing of each floor and the roof of the 
main building and a single panel for the storage room. As in the case 
of the wall panels, the splices occur outside of the main ribs and are 
spaced so as to provide one module stagger with respect to the vertical 
joints of the walls. This arrangement results in two corner panels each 
114 modules wide and two interior panels 2 modules wide. The dimen- 
sional characteristics, arrangement of ribs and sectional details of the 
two types of panels corresponding to the first floor framing are given in 
Fig. 4(c), (d) and (e). Except for the canopies, the second floor and roof 
panels are of similar detail. 


Typical joint details for the inter-connection of the wall panels are 
shown in Fig. 3(a), (b), (c) and (d). Jointing is made by bolts passing 
through matching sleeves. In joints 1 and 3, the panels forming a corner 
are connected by a bolt-and-insert assembly to obviate the use of bolt 
heads in the exterior surfaces. No connections are provided between 
adjacent house units at the division walls. Reglets at all exterior joints 
serve as containers for sealing compounds. 
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Fig. 3—Two-story house; floor plans and joint details 
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The method of connecting the wall panels to the floor and roof panels 
is sketched in Fig. 4(h). The detail is typical and consists of bolting 
together the contacting edge ribs of the vertical and horizontal panels. 
The wall ribs of the latter elements are specially shaped, having a recess 
at the top for the overlapping flange of the wall panel above and a 
projecting lip at the bottom to cover the horizontal joint-line of the wall 
panel below. This overlapping arrangement eliminates the need for 
sealing the horizontal joints with fillers. 

The foundations of the building are of pier type. There are eight 
piers, located at the four corners and at midspan points of the walls. 
In detail, the piers consist of a poured foundation slab surmounted with 
a poured-in-place solid or a precast hollow stub. A precast apron panel 
and a grade beam complete the foundation wall framing up to grade 
level. 


The framing is designed for a floor live load of 40 psf, a roof load of 15 
psf and a wind velocity of 90) mph. The contemplated strength of the 
concrete mix is 4000 psi. 


One-story house framing 

The layout of the house used to illustrate the second example of fram- 
ing, has several rather unusual features. A one-story duplex type, de- 
signed to house Service personnel in the tropical zones of the Pacific 
Islands, the building consists essentially of a sheltering roof supported 
on a series of posts. There are practically no exterior walls, instead, 
in order to provide full natural ventilation, there are continuous rows of 
window panels, with screens in top and louvers in bottom openings. 
In plan, Fig. 5, each unit is about 28 ft. wide and 36 ft. long. The pro- 
jecting roof, which incorporates a 5 ft. 7 in. canopy on each of the three 
sides, has an over-all width of 39 ft. 4 in. 

The important factor influencing the choice of arrangement of framing 
is the width of the building. It is apparent that the transverse distance 
between the longitudinal walls which the roof panels will span is too 
large to favor the use of single-span or one-piece units, and that there is 
need for interior supports. Another reason for supplementary supports 
for the roof is the fact that the walls are too slender and by themselves 
are inadequate for the required supporting strength. 


The interior support for roof panels usually consists of a longitudinal 
girder. The addition of this member creates, however, some problems 
in framing. The most important of these is the question of the sectional 
shape or outline. Normally, in the framing of larger structures, the 
girder will have a hollow rectangular section, and, in location, it will be 
placed under the panels. In the present layout, such an under-slung 
framing in the exposed ceilings of the rooms was considered as objection- 
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able. A satisfactory solution to this problem was obtained by the use of 
a ridge beam, having the same depth as the roof panel, shaped as a 
channel and placed flush with the panels by means of a ledge-seat con- 
nection, as shown in Fig. 6(i). 

The over-all dimensions and cross-sectional details of the roof panels 
are shown in Fig. 6(a), (b) and (c). As will be noted, each unit is about 
6 ft. wide, divided transversely into two equal sub-panels. The depth of 
the three main ribs tapers from 10 in. at the ridge girder to 5% in. at 
the outer end of the canopy to provide some drainage slope for the roof 
and to maintain a level bottom line in the ceiling. 

The module for the wall panels is 4 ft. In the longitudinal walls, the 
panels are 3 modules or 12 feet wide. As shown in Fig. 6(e), the panel 
is essentially a frame for three window and louver openings, formed by 
casting the jambs, lintels, sills and the baseboards into a single unit of 
uniform thickness. Except for the lintel piece, all members are 6 in. 
wide; and since the panels are spliced at the jambs, the 3-in. dimension 
of the end verticals represents one-half the width of the jambs. The 
wall and roof panels are interconnected by a lapped arrangement shown 
in Fig. 6(c). For this reason, the upper edges of the lintels are scalloped 
to allow passage of the main ribs of the roof panels. 

There are three ribbed panels of usual type in the division wall, Fig. 
6(g), supplemented with an open ornamental panel at the porch, shown 
in Fig. 6(f). These panels extend up to the roof level and are connected 
to the roof panels in sandwich fashion, shown in Fig. 6(d). A similar 
arrangement is utilized also at the end walls, as will be noted by reference 
to Fig. 5(c). 

The roof girder is supported on the two end walls and on two columns. 
One of the latter supports is located midway between the walls, thus 
halving the span, and the other is located at the end porch to carry 
the end of the girder. For architectural reasons, this column is made 
considerably wider than required for strength. The columns have hollow 
cross-sections, Fig. 5(b), obtained by bolting together two channel 
elements in the usual manner. For the needed anchorage, a substantially 
rigid connection is provided between the columns and girder by the use 
of a grout-pocket detail shown in Fig. 6(h). A similar connection detail 
is also used at the column bases. 


The building is designed to resist a wind velocity of 125 mph. The 
specified strength of the concrete mix, using coral aggregates, is 3000 
psi. 


CONCLUSION 


The various problems discussed in this paper pertain only to the 
structural design of the main framing of a house. Divorced from all 
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Fig. 5—One-story duplex house; plan and sectional details 
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Fig. 6—One-story house; typical panel and framing details 
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architectural problems and treatment of the finished product, the out- 
lined principles of framing are general and applicable to dwellings of 
any style and outline. The arrangement and details of framing de- 
scribed in the two illustrative examples are presented here as suggested 
guides for the advantageolus application of the all-precast thin-shell 
construction technique. The suggested solutions are not, however, to be 
considered as final, but are subject to possible modifications which will 
result from experience to be gained in the course of actual construction 
of the projects. 
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Discussion of a paper by A. Amirikian: 


Some Problems in Structural Framing of Precast Concrete 
Houses* 


By W. MACK ANGAS and MICHAEL N. SALGO and AUTHOR 


By W. MACK ANGAS and MICHAEL N. SALGOT 


Mr. Amirikian’s article’ on thin shell precast concrete structures 
is most interesting. Precast concrete is not new, but has, in fact, been 
the subject of many patents some dating back more than forty years. 
However, the concepts and ideas developed by Mr. Amirikian probably 
constitute the greatest contribution made by any single person to the 
design of precast structures and the technique of their construction. Not 
only have Mr. Amirikian’s ideas been developed on paper, but structures 
utilizing the principles and techniques he advocates have been built and 
have thus far given useful and satisfactory service. Prior to Mr. Amiri- 
kian’s work in the field of precast concrete, structures with thicknesses 
of the order of magnitude of one inch were virtually unknown. 

Thin shell precast concrete structures of the type advocated by Mr. 
Amirikian undoubtedly possess adequate strength and stability when new. 
There is a grave question in the mind of many engineers, however, as to 
whether such structures will prove durable enough to warrant their 
classification by the much misused term “permanent.”’ How long will 
such structures remain water-tight? What maintenance difficulties 
will be experienced with them? What is their length of useful life when 
given reasonable care and maintenance? ‘Thin shell precast concrete 
structures must be built and must give satisfactory answers to these 
questions if the methods and techniques advocated by Mr. Amirikian 
are to be incorporated into the standard practices of the concrete designer 
and construction man. 

It has been the privilege of the writers to make periodic inspections 
of a few thin shell precast concrete structures built by the methods and 
~ WAC! Jo mNAL, Mar. 1047, Proce. V. 43, p. 797. 


tBureau of Yards and Docks, Navy Dept., New York, N. \ 


1. Amirikian, A., “Precast Concrete Structures", AC] Jounnat, Dec, 1046, Proc. V. 43, p. 370; and pres- 
ent paper. 
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techniques suggested and developed by Mr. Amirikian. Thin shell 
precast concrete structures which have thus been inspected are: 

a. A self-propelled reinforced concrete landing craft of the LCT6 

type’ 

b. A reinforced concrete work barge 

c. Warehouses at the Naval Supply Depot, Mechanicsburg, Pa.*.4 
A summary of observations and notes made during inspections of the 
above mentioned structures follow. 


Landing craft 

The reinforced concrete LCT has been afloat in salt water contin- 
uously for over three years. It has been used for training purposes 
and has been beached over a thousand times. The vessel has been used 
in moderately severe weather and on a number of occasions has been 
driven over sand-bars in a way which undoubtedly subjected its hull to 
severe stresses. The little vessel took this heavy service with few signs 
of distress and is still afloat. The last time the vessel was inspected the 
engine room was absolutely dry, though there had been leakage into some 
compartments. 


Work barge (400 tons) 

The precast concrete work barge has been continuously afloat in 
salt water for over two and a half years. It has been used as a work 
barge for some time and has received rough treatment. The barge was 
towed over one thousand miles in the open ocean. The last inspection 
disclosed the craft to be sound and tight. 


Storehouses at the Naval Supply Depot—Mechanicsburg, Pa. 

These storehouses have been in service for only a little more than 
a year. This, of course, is insufficient time to demonstrate whether or 
not the thin shell precast concrete frames, monitors and roof slabs of 
the buildings are going to prove durable. To date there have been no 
maintenance problems that could be attributed directly to the thin shell 
precast concrete construction of the buildings. 

Only time and experience with thin shell precast concrete structures 
will answer the important question of their durability. It is entirely 
possible that such structures may demonstrate satisfactory durability 
in an inland location but may fail in a coastal location by rusting of the 
reinforcement and consequent splitting and spalling of the thin concrete 
in which it isembedded. Such difficulties, if they occur, may be overcome 
by improvements in the technique of mixing and placing the concrete, 
by the use of welded and galvanized reinforcement panels, or by the 


2. Described in paper presented at 42nd Annual ACI Convention at Buffalo in February, 1946. 

3. Amirikian, A., ‘Navy Storehouse Built of Precast Concrete Parts”, Concrete July 1946. 

4. Angas, W. M., ‘“‘Precast Structural Members Facilitate Speedy Erection of Rigid Frame Buildings”, 
Engineering News-Record, April 18, 1946. 
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utilization of corrosion resisting steel for reinforcement if the price of 
such steel does not remain prohibitive. 

Mr. Amirikian is to be congratulated on a contribution to the technique 
of reinforced concrete construction which may well become one of the 
most important developments brought forth in this field for several 
decades. 

The writers contemplate discussing the subject durability of thin shell 
precast concrete structures in a future paper when sufficient data has been 
accumulated to justify such a discussion. 


AUTHOR'S CLOSURE 


Commodore Angas and Mr. Salgo have made an over-all survey and 
appraisal of precast concrete structures built by the thin-shell technique. 
Since all four structures mentioned in the discussion are located within 
an area under their inspection and maintenance supervision, and thus 
are the objects of their periodic visits, their comments and observations 
provide authoritative data for a proper evaluation of the merit of the 
new technique. 

In contrast to the so-called old-fashioned precasting which conforms 
essentially to the design standards and practice of conventional poured- 
in-place construction, the thin-shell technique is predicated on entirely 
new design concepts and fabrication procedures. It involves many 
deviations from standards presently prescribed by various building 
codes. Without these deviations it is doubtful whether precasting could 
be placed on a competitive basis with conventional methods of construc- 
tion. With this same view, it is safe to state that the lack of success of 
old-type precasting is attributable, in a large measure, to the imposed 
unduly conservative limitations in design and fabrication. Such re- 
strictions will, no doubt, have a still more critical effect if applied to the 
framings of precast houses. This may also prove to be the important 
‘ause of the pitifully small number of precast concrete dwellings actually 
built in the huge postwar program of housing construction. 

From the standpoint of fabrication, the practicability of thin-shell 
precasting is now fully demonstrated. The resulting light, slender and 
unorthodoxly-shaped elements have also proved their adequacy of 
strength and flexibility of adaptation to many types of framing. It is 
most encouraging to note from the discussion of Commodore Angas and 
Mr. Salgo that the service performance of the few experimental structures 
built by this technique has been satisfactory, and that no problems of 
maintenance have as yet developed. The engineering profession and the 
building industry will anxiously await the future reports on these struc- 
tures covering their record of behavior over comparatively longer periods 
of service. 
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The Maintenance and Reconstruction of Concrete Tunnel 
Linings with Treated Mortar and Special Concrete* 


By B. D. KEATTST 


Member American Concrete Institute 


SYNOPSIS 


Defects in concrete tunnel linings such as disintegration, seepage, 
honeycomb, cracking and structural failures and faulty conditions in 
earth and rock formations through which tunnels have been bored have 
been corrected with treated mortars, a special concrete and through 
unconventional methods of applying them. 


This paper includes a general discussion of tunnel maintenance 
problems and a description of the mortar, concrete, and methods 
employed in the repairs of four selected tunnels. 


INTRODUCTION 


Maintenance and reconstruction of concrete tunnel linings present 
many varied problems to the maintenance engineer including problems 
having natural causes, such as the movement of earth or rock through 
which the tunnels have been bored; problems arising from faulty con- 
struction, such as the use of unsuitable materials, poor workmanship and 
faulty construction methods; and problems arising from normal deterio- 
ration. 

Most tunnel bores intercept natural water courses requiring drainage 
systems to keep water out of the completed and lined tunnel. In these 
wet tunnels where the drainage system has been correctly designed and 
installed, and where the concrete lining is sound, the tunnels continue 
in service for many years with only a minimum maintenance cost. How- 
ever, in wet tunnels lined with imperfect concrete and which have in- 
adequate drainage, water contributes to the more rapid deterioration of 
the concrete through leaching and freezing and thawing where low 
~ *Presented at 43rd Annual ACI Convention, Feb. 24, 1947. 


tRegional Vice-President, Intrusion-Prepakt, Inc., Cleveland, Ohio. 
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temperatures are encountered. The progress of the deterioration depends 
to a large extent on the quality of the concrete and often reaches the 
point at which sections of the lining actually fall out during the cycles 
of freezing and thawing of the seepage water. 


Concrete in many of the older tunnel linings was placed with equipment 
accepted in those days as being adequate. If the concrete was properly 
proportioned and mixed, and placed in such a manner that segregation 
would not occur within the forms, such linings were sound. However, 
there is evidence in a number of the tunnels lined with this equipment 
to warrant the belief that much of this concrete contained an excess of 
water, and in some cases, a deficiency of sand-cement mortar. In a 
number of instences, the upper portions of arch-sections were practically 
nothing more than cement-coated coarse aggregates. In the upper 
reaches of the bench walls and sometimes above the spring line, large 
pockets of sand-cement mortar have been found. Seepage water through 
the earth or rock formations surrounding such tunnel linings passes 
readily into these linings and then appears within the tunnel. Freezing 
and thawing creates a rapid disintegration and sometimes a complete 
destruction of sections of the concrete. 


There are instances in the present day accepted methods of placing 
concrete tunnel linings, where a tight filling at the crown of the arch 
against the top of the tunnel bore is not always secured. If the concrete 
in the linings is sound and the drainage system is such that water com- 
ing into voids on top of the tunnel lining can flow into the drainage 
system, no deterioration of the concrete will occur. However, if the 
water is pocketed on top of even sound concrete, it will in time find its 
way to construction joints, or through freezing and thawing will open 
up seams in the concrete and eventually will result in some destruction 
of the concrete lining. 


Some tunnels have been bored through unstable materials and good 
linings are damaged through the movement of the earth or the rock 
formations through which the tunnels have been driven. In one in- 
stance, there was a decided movement in the earth formation at the 
foundation along one side of a tunnel constructed with a very sound 
concrete lining. This earth movement resulted in breaking the con- 
crete lining and the lowering of portions of one side a maximum of four 
in. It was necessary to support this side of the tunnel lining to prevent 
it from falling into the tunnel itself. In another instance, a general slide 
in a rock mountainside occuring shortly after a tunnel lining had been 
completed, cracked the lining in numerous places and opened up seepage 
channels through which water actually poured into the tunnel during 
wet seasons. 
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The maintaining of tunnel linings and the reconstruction of them has 
included such repairs as surface treatment, pressure grouting, under- 
pinning of side walls, and other standard methods using portland cement 
grouts and pneumatically placed mortars. Many of these repairs 
have not been successful in that only surface corrections have been 
made, while the main cause of the surface disintegration, that is, the 
imperfect concrete lining and the imperfections above the linings, have 
not been corrected. Such surface repairs, disregarding the correction 
of the original defect, are not lasting and must be repeated periodically. 

A specially treated portland cement mortar and an unconventional 
method of making and placing concrete have been developed and used 
in the correction of tunnel faults and in the reconstruction of tunnel 
linings. This paper describes the treated mortar and its application, 
called “Intrusion,” and the special concrete*, called ‘‘Prepakt Concrete” 


and relates applications of them in the repair of four particular tunnels. 


INTRUSION 


The treated mortar has been developed to overcome some of the 
objectionable features of ordinary portland cement grout and to produce 
a mortar more economical to use. This mortar consists of standard 
portland cement, Alfesil (a mineral admixture), a pumping aid, fine 
sand and water. Through the use of the admixtures, the water content 
of this mortar is low when compared to that of ordinary portland cement 
grouts, this content ranging from five to seven gal. per bag of cementing 
material. The mortar is also capable of carrying high-sand contents 
without appreciable separation either in the grout lines, or within the 
seams or voids which are to be filled. Sand contents range from zero 
to three cu. ft. per bag of cementing material. 

Through the use of the Alfesil and the aid, the mortar is maintained in a 
satisfactory flowable condition for periods ranging up to two hours. 
This is of practical and economical importance in field grouting opera- 
tions in that it permits the continued use of the mortar in the grout 
lines and mixers in the event of forced delays such as changing of grout- 
ing locations, breakdown of machinery, or construction delays. A 
further economy is effected in that material sheds and sand stock piles 
can be established at a central location, and the mixing and pumping 
machinery be set up at this point. The mortar then can be pumped 
through small lines from the central plant to the point where grouting 
is desired. In one instance where it was necessary to maintain mixing 
and pumping equipment at the portal of a tunnel, a grout line was ex- 
tended as the work progressed within the tunnel. At the farthest point 


*See also “‘Two Special Methods of Restoring and Strengthening Masonry Structures,” by J. W. Kelly 
and B. D. Keatts, ACI Journat, Feb. 1946, Proceedings, V. 42, pp. 289-304. 
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grouted, mortar was pumped 900 ft. through a 114-in. pipe from the 
mixing and pumping plant to the point where it was placed behind the 
tunnel lining to seal rock seams in the tunnel bore. 

The initial set of the cement in the mortar will take place in periods 
ranging from eight to sixteen hours, the time depending upon the tem- 
perature and the water content of the mortar. This enables it to be 
pumped to its final place either in rock seams which are being filled, or 
into voids in concrete or stone masonry structures while it is still in a 
fluid condition. 


PREPAKT CONCRETE 


The special concrete previously referred to was developed to provide ¢ 
non-shrinking and bonding replacement material which could be used in 
rebuilding disintegrated or deteriorated concrete areas. It is made by 
forming over a removed disintegrated area, packing the area completely 
with a graded coarse aggregate and consolidating the area by pumping 
the treated mortar into it. The positive contact of the coarse aggregate 
particles and the lack of shrinkage in the mortar eliminate shrinkage in 
the special concrete. The bonding property of the treated mortar and 
the lack of shrinkage in the special concrete make it possible to return an 
unsound section of concrete to soundness and unity. 

In order to more fully explain the use of the treated mortar and the 
special concrete, a number of actual instances of tunnel grouting and 
repairing will be described. Fig. 1 is a typical cross section of two 
tunnels in which voids in the rock structure above the tunnel were sealed 
and the concrete linings rebuilt. Prior to starting the work in these 
particular tunnels, much water was coming into them through breaks 
in the lining caused by some disturbance in the mountain-side shortly 
after the tunnels were constructed in 1915. During the summer months, 
the water seeping and flowing into the tunnels caused a slow disintegra- 
tion of the concrete linings and the inconvenience of being soaked while 
passing through them. In the winter, freezing and thawing accelerated 
disintegration and the formation of large icicles created a maintenance 
expense in periodic removal of this mass of ice. 

During the exploratory work in the tunnels, voids were found to exist in 
many places between the top of the tunnel linings and the tunnel bores. 
The largest void of this nature was ten feet high, thirty feet long, and 
about five feet wide. In the original lining of the tunnels, it is not known 
whether the concrete was improperly mixed or whether the placing was 
not done correctly, but much honeycombed concrete was found in the 
linings. Generally, cement-coated coarse aggregate pockets were found 
in the upper portion of the linings while many mortar pockets were found 
in the bench walls and lower portions of the arch. 
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Fig. 1—Typical cross section of tunnel — voids between concrete lining and tunnel 
re 


In order to maintain railroad traffic through the tunnels during grouting 
and lining reconstruction, the one track which existed in these double- 
track tunnels was placed in the center, and a scaffold was built to permit 
the passage of trains. Fig. 1 shows a cross section of this scaffold. The 
first scaffold constructed was erected on a large moveable platform and 

ras 30 ft. long. Moving the scaffold was found to be a bit cumbersome 
however, and it was rebuilt in portable sections and finally extended to a 
total length of 120 ft. It was found economical at different locations 
throughout the tunnel to use either the scaffold in its entire length or 
to erect it in sections and place the sections where they were most needed. 
This type of scaffolding was found to be very flexible and economical. 


During the progress of the work, all trains were operated as usual, the 
workmen stepping from the top of the scaffold over to one side as the 
engine passed through. Fresh air was supplied to these men through 
pipes at the beginning of the work, that is, the air was supplied during 
the time the engine was passing under the scaffolding. It was soon 
found, however, that this supply of fresh air was not needed as the 
smoke passed on through the tunnel with the suction of the train, and the 
fresh air supply was soon discontinued. 
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The existence of extensive honeycombed areas, especially in the arch 
section of tunnel linings, seriously weakened the linings and such defects 
were corrected at the beginning of all tunnel work. Usually, a line of 
holes were drilled at equal intervals in the very crown of the arch, and 
treated mortar was pumped into the holes to consolidate the honey- 
combed areas and to add strength to the arch itself. Although the 
honeycomb in these two particular tunnels was not as extensive as was 
found in other tunnels, the correction of this defect was made at the 
beginning of the work. 

Most of the water flowing into the tunnel was entering through breaks 
in the concrete lining. Generally, steady streams were running from 
various points along the breaks. At other points, the leakage was 
more in the nature of steady drips instead of steady flows. These water 
courses were grouted by drilling a number of holes into the lining, either 
at the point of leakage or very near to it. Mortar was pumped into these 
drilled holes; and as soon as it began to run from the points of leakage, 
that is, when the mortar replaced the water stream, the holes in the 
lining were caulked and pumping was then continued until all voids and 
breaks in the lining and in the rock structure above were sealed off and 
no more mortar could be pumped into them. 

During the sealing of water courses not only in the tunnel lining itself, 
but in the rock formation above, the mortar followed the line of least 
resistance. At the beginning of grouting, many times the mortar passed 
through breaks or honeycombed areas in the concrete lining itself, or 
immediately back of the lining, and then appeared within the tunnel 
again as far as 125 ft. from the point of pumping. These honeycombed 
areas, the breaks in the concrete lining and the voids back of it were 
soon filled completely and then the mortar was forced up into the rock 
formation above the tunnel bore. Since no cores were taken from the 
rock formation above the tunnel linings, there was no way of determining 
the distance the mortar was pumped upwards into the rock crevices, 
At one time, however, while intruding within the tunnel, and at a point 
more than 100 ft. from one portal, mortar ran from a rock seam above this 
portal, 

The voids between the tunnel linings and the tunnel bores, for the most 
part, were shallow and were completely sealed off by pumping mortar 
into them. In most instances, it is not necessary to use a mortar of 
great strength in these voids, and in these cases the ratio of portland 
cement to sand was increased to 1:3 or more. In the case of large voids, 
coarse aggregate such as a well-graded gravel or crushed stone was 
first placed in the void and then the mortar was pumped into it. 

Fig. 2 is a photograph taken at one of the disintegrated areas of the 
tunnel linings. In the repair of these areas, all disintegrated concrete 
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Fig 2—Note area of dis- 
integrated concrete in top 
of tunnel at electric light 
bulb, Patched area in up- 
per part of picture has been 
a ot with Prepakt Con- 
crete. 


Fig. 3—Typical Prepakt 

Concrete forming used in re- 

placing disintegrated areas 

in the arch of the tunnel 
lining 





was removed until sound or reasonably sound conerete was encountered. 
These areas ranged in section from one sq, ft. up to sections ten and 
twelve ft. wide, and extended for several hundred ft. along the tunnel 
linings. After the removal of disintegrated concrete had been com- 
pleted, a wood form was secured over the cut and placed at the plane 
of the finished concrete surface. The area back of this form was then 
completely filled with a graded coarse aggregate, and the treated mortar 
was then pumped into it to consolidate the coarse aggregate and to 
rebuild the lining to its original line. The special conerete, created by 
grouting the coarse aggregate, bonded securely to the existing concrete 
lining and became an integral part of the lining. 

Vig. 3 shows a typical form which was secured to the arch section of the 
tunnel lining by anchor bolts placed in the existing concrete structure, and 
anchored there with lead. This form was a typical concrete form con- 
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structed with one-in. sheathing, 2x4 studs, and 2x6 wales. The 
grouting hose may be seen in the center of the photograph. Grouting of 
the coarse aggregate back of the form was started at the bottom of the 
form or at the lowest point of the form, and was continued until the 
highest point was reached. 

Vig. 4 is a photograph of the special concrete which had been installed 
in a former disintegrated area. 

Fig. 5 is a typical section of the tunnel after complete repairs had been 
made, All breaks in the rock formation above the tunnels and also the 
voids above the tunnel lining have been sealed with mortar. Honey- 
combed concrete within the tunnel lining itself had been solidified with 
the same mortar, and the disintegrated areas at the surface of the lining 
have been replaced with concrete. 

Complete records are always maintained of the work accomplished 
in all tunnels. Fig. 6 is typical of the records which are kept, it being a 
record of the work which was accomplished between sta. 0 4+- 50 and 1 
+ 50. This particular section of the tunnel bore and lining was cracked 
in many places due to the movement in the mountainside after the 
tunnel had been completed. The locations of the cracks are noted as 
the diagonal lines shown on the drawing. The dots in this record indicate 
holes drilled into the tunnel lining. Although these holes seem to be 
numerous, there was some good reason (leakage or the conditions of the 
lining itself) for drilling each one of them. A number of these dots are 
boxed with a square. These indicate the drilled holes through which 
much mortar was pumped in sealing off the leakage which was coming 
through the rock formation above the tunnel lining. The shaded areas 
indicate the location of disintegrated concrete which was removed and 
was replaced with the special concrete. 


The cracks across the tunnel linings shown in Fig. 6 were not general 
throughout the entire length of the two tunnels, but were found mainly 
in two areas. The replacement of disintegrated concrete noted in Fig. 6 
likewise was not general in the bench walls throughout the entire tunnel, 
but occurred in the crown of the arch to a much greater extent than in 
the walls. The number of exploratory holes drilled into the arch of the 
lining varied throughout the length of the tunnels, being increased in 
areas where voids above the lining were encountered, 


Table 1 indicates the average quantities of various types of work 
accomplished per lineal foot of tunnel. In compiling this table, the total 
quantity of each type of work accomplished throughout the entire 
length of the tunnel was divided by the length of the the tunnel to 
obtain the average quantity per ft. of tunnel. Tunnel No. 1 is 2738 
feet long and Tunnel No. 2 is 2733 feet long. 
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TABLE 1—AVERAGE QUANTITIES OF WORK PER LIN. FT. OF TUNNEL 





Quantity 
Unit Tunnel ‘Tunnel 
No, 1 No, 2 
Remove defective concrete cu, ft. 5.84 4.25 
Prepakt concrete forms aq. ft. 5.00 5.30 
Prepakt concrete cu, ft. 5.90 7.10 
Drilling lin, ft. 3.16 3.31 
Intrusion cu, ft, 38.05 20.41 








Nig. 7 shows typical cross sections of a third tunnel in which treated 
mortar and special concrete were the critical repair materials. The 
original concrete lining in this dry tunnel was weakened by the presence 
of honeycombed concrete, but had sufficient strength to withstand 
the loads upon it until a portion of the overburden was removed from the 
top of it during the construction of a highway over the tunnel. As soon 
as the overburden was removed, a distress was noted in the crown of the 
arch, this portion of the arch tending to move upward and the sides of 
the tunnel lining to move inward. 

To strengthen the lining, a series of wide flange beams were installed 
within the tunnel lining. These are shown in Section A-A, Fig. 7. In 
certain sections of the tunnel, the beams were installed on 4 ft. 6 in, 
centers, while in other sections they were placed on 6 ft. 6 in. centers. 

The work was accomplished by cutting slots in the concrete lining 14 
in. deep and 16 in. wide. The beams, which were brought to the job 
in four sections, were then bolted together and placed in the slots. Forms 
were erected over the slots and gravel was placed in the slots around the 
wide flange beams as forming progressed from bottom to top. The 
aggregate within the form was then consolidated by pumping mortar 
into it. Since the treated mortar does not shrink and bonds not only to 
present concrete but also to steel, the slot was completely filled and bond 
created between the existing concrete lining and the wide flange beams. 
This bond transferred the loads from the existing concrete lining to the 
steel beams which were designed to take this load, 

During the grouting of the gravel around the wide flange beams, the 
mortar also passed into the honeycombed areas within the tunnel lining 
itself, passing as far as 15 ft. through the lining before it appeared in other 
slots or at the surface of the existing concrete. Not only were the beams 
properly installed, but the honeycombed lining was also solidified and 
strengthened, 

Nig. 8 is the cross section of a fourth tunnel. This tunnel was con- 
structed through soft ground in 1914-15, and lined with 12- in, x 12-in. 
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Fig. 5—Cross section of tunnel after work was completed 
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CONCRETE TUNNEL LININGS 825 


REPLACED WITH 
SEALED BY gt PREPAKT CONCRETE 


INTRUSION ee te. et 






TUNNEL 


« OF 








DISINTEGRATED 
CONCRETE REPLACED 
WITH PREPAKT CONCRETE * 4, 


14' 6" 





























Fig. 8—Repaired break in tunnel lining 


timbers placed nearly solid. After this lining had been completed, an 
unreinforced concrete lining was placed within it. The concrete at the 
time of making repairs was reasonably sound, but the original work- 
manship in the arch was faulty. A construction joint was placed near 
the top of the arch on a very flat slope instead of on a radial line. As a 
result, of freezing and thawing action, or pressure or settlement, or a 
combination of these forces, slippage of a section of the conerete lining 
along the construction joint occurred, The construction joints and the 
slippage are noted at each side of the crown of the arch in Fig. 8. At 
the left of the center line, the construction joint had opened up only 
slightly. At the right, however, the construction joint had opened up 
about four in. This action had occurred in about 750 lin. ft. of the 
tunnel located in the central portion of it. The entire length of the 
tunnel is 1750 ft. 


To protect traffic through the tunnel and, if possible, to prevent any 
further opening of the construction joint to the right of the center line of 
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the tunnel, the right track was taken out of service and vertical supports 
were installed until proper repairs could be made. 

The first work in this tunnel consisted of removing the shaded area 
shown in Fig. 8 in short sections and replacing it with the special con- 
crete. The present concrete was cut so that the sides of the cut would 
be perpendicular to the line of pressure in the concrete arch. In re- 
building the lining, a form was constructed across the removed section, 
the area was filled completely with gravel, and then grouted under 
pressure. 

The open construction joint shown in Fig. 8 to the left of the center 
line of the tunnel was sealed by pumping mortar into it under pressure. 

Disintegrated concrete existed in the lining of the tunnel particularly at 
construction joints. These disintegrated areas were removed in the 
usual manner and were replaced with concrete as formerly described. 
One such area is shown in Fig. 8 in the left bench wall. Also, the entire 
length of the tunnel lining was grouted in an effort to seal all voids back 
of the tunnel lining. During this work, holes were drilled entirely 
through the tunnel lining at proper intervals and mortar was pumped 
through these holes until back pressure indicated that all voids behind 
the lining were completely filled. 

Table 2 indicates the average quantities of the different types of work 
per lin. ft. of lining which were accomplished in this tunnel. 


TABLE 2—AVERAGE QUANTITIES OF WORK PER LIN. FT, OF TUNNEL 


| Unit | Quantity 
Remove defective concrete cu. ft. 9.02 
Prepakt concrete forms aq. ft. 4.31 
Prepakt concrete cu. ft, 9.02 
Drilling lin. ft. 5.98 
Intrusion | cu. ft. 85.91 


The maintenance and reconstruction work discussed in this article was 
accomplished by Intrusion-Prepakt, Inc., Cleveland, Ohio. The treated 
mortar and its application, designated as “Intrusion” 
concrete designated as “Prepakt Concrete’’, are patented by Intrusion- 
Prepakt, Inc. 
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Concrete Mix Design—A Modification of the Fineness 
Modulus Method * 


By MYRON A. SWAYZEt and ERNST GRUENWALDt 


Members American Concrete Institute 


SYNOPSIS 


A comparison of three maximum size gradings of sand-gravel and sand- 
crushed stone mixtures in concrete has revealed that for each type and 
size of coarse aggregate a constant value for fineness modulus will be 
obtained for any workable mixture from lean to rich, if the cement is in- 
cluded in the modulus figures. While trial batches are still recommended 
for previously unused aggregates, the modification proposed for the old 
fineness modulus method permits the design of equally workable batches 
of varied cement contents from data on trial mixes of a single cement 
factor. This materially reduces the number of test batches where a range 
of cement contents are to be used with a set of aggregates. 

The method described for calculation of batches compensates for 
differences in specific gravity of fine and coarse aggregates. 


The Lone Star Cement Research Laboratory has carried out some 
work on concrete mixes to determine the effect of varying the type and 
maximum sizes of coarse aggregate on proportions of materials for work- 
able concrete. An outcome of this work was the discovery that, if the 
cement is included in the figures for fineness modulus, an essentially 
constant value is obtained for all workable mixes from lean to rich. 
This finding materially simplifies procedure in the selection of batch 
proportions where more than one cement content may be desired with a 
particular set of aggregates. 


In the investigation, a range of five cement contents from lean to 
rich was employed for each maximum size and type of aggregate. For 
each mix used in the tests a sand percentage was selected from a pilot 
series of five hand mixed batches which gave optimum workability for 
~ *Presented at 43rd Annual ACI Convention Feb. 24, 1947. 


Director of Research, Lone Star Cement Corporation, New York, N. Y. 
Manager “‘Incor’’ Division, Lone Star Cement Corporation, New York, N. Y. 
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hand placing of concrete. The optimum sand contents selected under 
these conditions were higher than are needed for machine placing and 
finishing, such as in concrete pavements, floors, or for concrete placed 
with vibrators. 

Following the selection of sand-coarse aggregate proportions, machine 
mixed batches were made to determine water requirements and strengths 
for the ranges of cement contents and aggregate sizes with 2-in. and 6-in. 
slump. 


Materials 

The same cement and sand samples were used throughout the tests. 
The cement was normal Type II Lone Star from the plant at Hudson, 
N. Y. The sand was a washed sand from Port Jefferson, Long Island, 
N. Y., with grading from 0 to 8 mesh. Natural gravels of °¢- to 34-in. 
and 3%- to 34-in. sizes were from Mauricetown, N. J., while the 34- to 
1\%-in. gravel was a semi-crushed pit gravel from Lenoxville, Mass. 
Approximately 60 percent of this last size consisted of pieces with one or 
more broken faces. 

Crushed stone aggregates used were from commercial quarries at 
Hudson, N. Y. The %-in. size was a mixture of coarsely crystalline 
Becraft and Port Ewen limestones, with most particles rough and angular. 
The \%-in. and 1-in. sizes were from the fine grained Manlius waterlime 
stratum, and were less angular due to two crushing and screening opera- 
tions. The 11%-in. size was also Manlius limestone, but more angular due 
to a single crushing. Sieve sizes, grading, fineness moduli and mis- 
cellaneous data on all of the aggregates are given in Table 1. 


Selection of mix proportions 
Nominal cement contents for the various maximum sizes of aggre- 
gates are shown in text Table A. 


Text Table A 





114-in. max. size—3.5, 4.25, 5.0, 6.0, 7.5 sks. per cu. yd. 
34-in. max. size—4.0, 5.0, 6.0, 7.0, 8.5 sks. per cu. yd. 
3-in. max. size—4.5, 5.5, 6.5, 7.6, 9.4 sks. per cu. yd. 








Combination of the three gravel sizes for the above mixes was held 
constant for the various cement contents in each set of maximum sizes, 
at the proportions by weight shown in text Table B. 

Mixes with crushed stone as coarse aggregate were designed to have 
approximately the same size graduation as the gravel mixes. The pro- 
portions by weight of the various sizes of stone used are shown in text 
Table C. 
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TABLE 1—DATA ON AGGREGATES—SIEVE FINENESS: PERCENT RETAINED 











| Sand Fine gravel Medium gravel C voarse gravel 
Sieve | Oto No.8 is- to %-in. | %%- to 34-in. “a- to 1\%-in. 
114 in. | | 1.8 
$4 in. — 10.8 | 98.8 
3% in. | | 0.0 97.0 | 100.0 
No. 4 | 59.0 100.0 | 100.0 
No. 8 1.4 95.2 100.0 100.0 
No. 14 18.3 98.8 100.0 100.0 
No. 28 50.2 100.0 100.0 100.0 
No. 48 84.7 100.0 100.0 100.0 
No. 100 95.4 100.0 | 100.0 100.0 
Fineness modulus 2.50 5.53 | 7.08 8.01 
Loose wt. per cu. ft. 98 .2 | 
Rodded wt. pe r cu. ft. 104.8 101.8 101.0 99.0 
Apparent s spec cific gravity* 2.65 2.64 2.64 2.64 
14-in. Stone | %-in. Stone l-in. Stone | 1%-in. Stone 
4,-to %-in. | %- to %-in. 1- to 1/7-in. 

















14- to l-in. 
| 











1% | 16.7 

34 . 0.0 45.6 99.3 

B% 0.0 73.2 99.2 100.0 

4 48.8 | 100.0 | 100.0 100.0 

8 93.6 100.0 | 100.0 100.0 

14 98.0 100.0 | 100.0 100.0 

28 99.2 100.0 | 100.0 100.0 

48 100.0 100.0 | 100.0 100.0 

100 100.0 100.0 | 100.0 100.0 
Fineness modulus | 5.40 6.73 7.45 8.16 

Rodded wt. per cu. ft. | 92.0 99.6 96.6 91.2 
Apparent specific gravit y* 2.72 2.72 | 2.72 2.72 

Miscellaneous Data—Mixed Coarse Aggregates 
| Gravel, Gravel, Gravel, 


Loose wt. per cu. ft. 
Rodded wt. per cu. ft. 


Loose wt. per cu. ft. 
Rodded wt. per cu. ft. 


*Based on room-dry weight, 


is- to 34-in. 


98.2 
102.5 


80.1 
90.9 





rather than oven-dry. 


Stone ;%s- to 3-in. 


is- to 34-in. 


101.9 
108.3 


Stone ;°s- to 34-in. 
a4 
101.1 








s- to 1¥¢-in, 


104.1 
111.5 


Stone 3’s- to 114 in. 


96.4 
107.1 
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Text Table B 








Size of gravel js- to %-in. %-to%-in. %4-tol'%-in. Combined 











percent percent percent F.M. 
Max. size 1%-in. 29.5 37.0 33.5 6.93 
Max. size 34-in. 44.4 55.6 — 6.39 
Max. size %-in. 100.0 ~ -— 5.53 
Text Table C 
Size of stone \4-in. \-in. 1-in. 114-in. Combined 
percent percent percent percent F. M. 
Max. size 11%-in. 30 20 20 30 6.91 
Max. size %4-in. 40 38 22 “= 6.36 
Max. size %%-in. 90 10 a= -— 5.53 





TABLE 2—HAND MIXED BATCHES—0 to 34-IN. STONE 









































4.0 Sk. Mix 
Combined F.M. 4.35 4.40 4.45 4.50 4.55 
Cement, Ib. P 3.5 3.5 3.5 3.5 3.5 
Sand 15.2 14.8 14.4 14.1 13.7 
144-in. stone 5.6 5.8 5.9 6.1 6.2 
Ye-in. stone 5.3 5.5 5.6 5.7 5.9 
1-in. stone 3.1 3.2 3.3 3.3 3.4 
Water, ml 1600 1600 1575 1575 1550 
a | in. 2 2% 2% 2% 2 
r cu. ft. 141.0 141.5 142.0 142.0 142.0 
War bility Sandy Sandy O.K. O.K. | Slightly 
harsh 
Comp. str., 3 da. 770 690 610 570 640 
5.0 Sk. Mix 
Combined F.M. 4.50 4.55 4.60 4.65 4.70 
Cement, Ib. 4.2 4.2 4.2 4.2 4.2 
Sand 13.3 12.9 12.6 12.2 11.9 
4j-in. stone 5.7 5.9 6.0 6.2 6.3 
Y-in. stone 5.5 5.6 5.7 5.9 6.0 
1-in. stone 3.1 3.2 3.3 3.4 3.5 
Water, ml 1500 1475 1450 1425 1400 
gp ly in. 3 34 3 234 24% 
r cu. ft. 143.0 143.5 144.0 144.5 144°5 
Worbability Fair O.K. Good Good —- 
1ars 
Comp. str., 3 da. 1100 1400 1310 1360 | 1260 











(Concluded opposite page) 
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TABLE 2—(CONCLUDED) 
6.0 Sk. Mix 
Combined F.M. | 4.60 | 4.65 | 4.70] 4.75} 4.80 
eee —— a ee be oui 
Cement, Ib. } 50] 50 | 5.0 5.0 5.0 
Sand 12.3 | 12.0 | 11.6 | 11.2 10.9 
Y-in. stone |. Bee i> Bik. 43 6.3 6.5 
l4-in. stone ie’ Mae 2 ee 6.0 6.1 
l-in. stone exe 33 | 3.4 3.5 3.6 
Water, ml 1375 | 1375 1350 | 1335 1315 
Slump, in. 2% 234 2% | 21 2 
Wt. per cu. ft. | 145.5 146.0 | 146.5 | 146.0 146.5 
Workability | Fair | O.K. | Good | Good Slightly 
harsh 
) Comp. str., 3 da. | 1860 | 1800 | 2030 | 2230 2140 
7.0 Sk. Mix 
: 
Combined F.M. | 4.70| 4.75] 4.80 4.85 4.90 
Cement, Ib. me Sie * Bee 5.8 5.8 
Sand on | i.17° - %.38 10.4 10.1 
Yy-in. stone 6.1 6.3 | 6.4 6.5 6.7 
\-in. stone 5.8 5.9 | 6.1 6.2 | 6.4 
l-in. stone 3.3 3.4 3.5 3.6 | 3.7 
Water, ml 1325 1325 1325 | 1325 1325 
Slump 1% OC 2 13% SC 2 2 
Wt. per cu. ft. | 147.5 | 147.5 147.5 | 148.0 148.0 
Workability a) am eS A | O.K. | Harsh 
~ Comp. str., 3 da. |. 2760 2610 2670 | 3060 2980 
8.5 Sk. Mix 
"a ida : P 
Combined F.M. 4.85 | 4.90 | 4.95 5.00 5.05 
Cement, Ib. Cae A ee See Se Se Se 7.1 
Sand 10.1 | oe Bike 9.4 | 9.1 8.7 
Yj-in. stone 6.3 | 6.5 | 6.6 | 6.7 6.8 
\-in. stone 6.0 | Rae 6.2 | 6.4 6.5 
1-in. stone 3.4 3.5 | 3.6 Sir. 3 3.8 
Water, ml | 1400 | 1425 | 1425 1400 1400 
Slump 2 2% | 3 3 3 
Wt. per cu. ft. 148.5 | 148.0 148.5 148.5 | 148.0 
Workability | Sticky | O.K. Good Good Good 
he Comp. str., 3 da. | 3370 | 3090 | 3140 3150 | 3040 

NOTE—ltalics indicate batches selected for optimum sand content. Strengths shown are values on 

single cylinders only. 

To select the optimum sand content for each of the five cement con- 
tents and for each of the three size ranges of aggregate, five preliminary 
mixtures for each cement content were calculated in which the combined 
fineness modulus of sand plus coarse aggregate was varied in steps of .05. 
The mean values chosen were .15 to .20 below the maximum permissible 

Bs values given by D. A. Abrams in Lewis Institute Bulletin 1. 
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Hand mixed batches of approximately 35 lb. total weight were mixed 
in large pans by two operators using steel plasterers’ trowels. Water 
was added sufficient to give about 2'%-in. slump. The workability of 
each mix as measured by ease of troweling, working, rodding, and 
screeding was closely observed. Unit weights were determined in a 1/5 
cu. ft. measure. For each cement content, the mix having the lowest 
water requirement and highest unit weight consistent with good work- 
ability was chosen for the machine mixed batches. 

Data and observations on hand mixed batches with the *4-in. crushed 
stone are shown for illustrative purposes in Table 2. The final batches 
for all mixes chosen for machine mixing are given in Tables 3A and 3B. 
The weights shown are 10 times those used in the hand mixed tests. 


RESULTS OF TESTS 


Tables 4A and 4B give data obtained on the machine mixed concrete. 
Kach value is the average of three single tests made on three identical 
batches mixed on successive days. Aggregates were in room-dry con- 
dition when added to the 31% cu. ft. drum type mixer. All batches 
were mixed for 4 minutes after addition of water. Concrete cylinders 
6 x 12 in. and beams 6 x 6 x 36 in. were molded by standard methods. 
Curing for the first 24 hours was under waxed paper covered by steel 
plates, followed by exposure to 70 F fog. Results for modulus of rupture 
are for center loading. 


Water requirement of concrete 

Fig. la and 1b show the net water requirement per cu. yd. of concrete 
as influenced by cement content, slump, type and size of coarse aggregate. 
In all cases the crushed stone required somewhat more water than the 
gravel to produce equal slumps. Both types of aggregate required more 
water per cu. yd. at the lean and rich mix ends of the scale than in the 
range of medium cement content. The form of these water content 
curves has been checked by many other tests prior to this investigation. 

The fact that the water requirements per cu. yd. for both types of 
aggregate reach a minimum at about 6 sks. per cu. yd. for both 1'%-in. 
aggregates, at about 7 sks. per cu. yd. with both °4-in. aggregates and at 
about 8 sks. for both %%-in. aggregates, is significant to the concrete 
designer. 


Strength data 

A comparison of the compressive strengths shown in Tables 4A and 
4B will reveal that the additional mixing water required by the crushed 
stone used in our tests did not interfere with development of strengths 
comparable with those obtained from the sand-gravel mixes of equal 
cement content. The data show that in the normal range of cement 
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content, an additional 34 gal. of water per sk. of cement can be allowed 
for this particular crushed stone without sacrifice of compressive strength. 


Data on modulus of rupture of beams show no significant differences 
between the gravel and crushed stone for 34-in. maximum size mixes, 
when compared on the basis of equal cement content. With the larger 
sized aggregates, an advantage was found for the crushed stone. 


With regard to both compressive and flexural strengths, the com- 
parative values shown by the gravel and crushed stone samples used 


TABLE 3A—MACHINE MIXED CONCRETE BATCHES—OPTIMUM 


Sacks per cu. yd. 
Cement, lb. 
Sand 
Fine gravel 
Medium gravel 
Coarse gravel 
Total 
Combined F. M. 


Percent aggregate 


Sacks per cu. yd. 

Cement, Ib. 

Sand 

Fine gravel 

Medium gravel 
Total 

Combined I. M. 


Percent aggregate 


Sks. per cu. yd. 

Cement, lb. 

Sand 

Fine gravel 
Total 

Combined F. M. 


Percent aggregate 


FINENESS MODULI 


Gravel: No. 4 to 114-in. 





| 35 | 425 | 50 | 60 | 7.5 
Se 4.8 Ee so | @ 
115 108 9 «| 89 77 
53 56 57 58 57 
67 69 71 73 | 71 
a |  @ 4+. @2 4 sb a 
325 332 334 | «336 «| «(332 
| 5.21 | 5.31 | 5.43 | 5.55 | 5.67 
No. 4 mesh 146.2 | 44.2 41.9 | 39.4 | 37.2 
Gravel: No. 4 to 44-in. 
| 
| 40 | 5.0 | 6.0 7.0 | 8.5 
| 
gr sa | 50 58 | 71 
| 180 | 122 | 109 9 | 84 
68 72 | 74 76 77 
|. & | © | @ 97 | 997 
| 318 | 326 | 325 | 390 | 329 
| 4.60] 4.72] 4.85] 4.98] 5.13 
No. 4 mesh | 55.8 | 53.3 | 50.7 | 17.8 | 44.8 
Gravel: ;4- to %-in. 
| 1.5 5.5 | 6.5 7.5 | 9.5 
42 50 58 67 81 
156 145 130 114 05 
129 136 141 51 | 158 
327 331 | 329 332 | 329 
3.87 3.97 4.08 4.23 | 4.37 
No.4mesh | 73.3 71.4 69.3 66.4 | 63.6 
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TABLE 3B—MACHINED MIXED CONCRETE BATCHES—OPTIMUM 
FINENESS MODULI 


Crushed stone: No. 4 to 1%-in. 



































Sks. per cu. yd. 3.5 | 4.25 5.0 6.0 | 7.5 
Cement, lb. ee 42 50 62 
Sand | 124 115 106 99 86 
Y-in, stone 52 53 54 56 56 
\-in. stone 35 36 36 oe 37 
i-in. stone 35 36 37 37 38 
1%-in. stone 53 54 55 56 56 
Total 329 330 | 330 335 335 
Combined F. M. 5.08 5.18 | 5.29 5.37 5.52 
Percent aggregate—No. 4 mesh 50.4 48.3 | 16.4 44.8 42.0 
Crushed stone: No. 4 to 34-in. 
Sks. per cu. yd. 4.0 | 50 | 6.0 | 7.0 | 8.5 
Cement, lb. Ss hr aa ae a; 
Sand 1441 | 122 | 112 | 104 |) 
4.in, stone — i «| 65 | 67 
\-in. stone 57 | 59 | = 60 62 | 64 
i-in. stone eS ae aon eo 
Total 327 | 319 320 325 | 330 
Combined F. M. | 4.50 4.65 4.75 4.85 | 5.00 





Percent aggregate—No. 4 mesh | 59.0 | 55.5 





Crushed stone: ;*s- to 34-in. 











ue. | 
Sks. per cu. yd. 4.5 6.5 | 6.5 | 7.5 | 9.5 
Cement, lb. 42 50 58 67 81 
Sand 167 152 138 123 99 
\j-in, stone 113 117 122 132 131 
¥-in. stone 12 a 13 14 14 
Total 334 332 331 336 | 325 
Combined F. M. 3.80 3.90 4.00 4.15 4.30 
Percent aggregate—No. 4 mesh 77.0 75.1 73.4 70.8 68.1 














should not be considered as typical for either of these aggregates as a 
class. 
Combined fineness modulus 

The combined fineness moduli of fine plus coarse aggregates are plotted 
against the cement content of mixes with 2-in. slump in Fig. 2. The 
differences in optimum moduli between gravel and crushed stone as 
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Fig. 1a (top)}—Gravel concrete—water requirement 
Fig. 1b (bottom)—Crushed stone concrete—water requirement 


coarse aggregates were not constant for the materials used, but de- 
creased as the maximum aggregate size was decreased. Contrasted 
with a flat reduction of .25 for crushed stone as suggested by Abrams, 
reductions indicated for the particular aggregates used in the present 
tests are: 

Maximum size of aggregate L\o-in. 34-in. %%-in. 

F. M. reduction for crushed stone 16 .12 .09 
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Fig. 2—Fineness modulus of combined aggregates 
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Fineness modulus of total solids in mix 


In the design of concrete mixes by the optimum fineness modulus 
method, the number of test batches with previously untried aggregates 
becomes burdensome if more than one or two cement contents are to be 
used. For example, each fineness modulus curve in Fig. 2 represents a 
total of 25 trial batches, for the determination of five points on the curve. 
Testing would be greatly simplified if location of a single point for each 
curve would suffice. Our data were, therefore, re-examined with this in 
mind. 
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TABLE 4A—SAND GRAVEL MIXES 




















































































































: t ; Modulus of 
Sks. per Net water Flow, |Slump,} Unit Air Compressive strength rupture 
cu. yd. |---| percent in. wt. percent 
gal./sk. |gal /yd lda | 3da | 7 da |28da/| 7 da | 28 da 
Max. size gravel, 144-in. 
3.50 9.33 32.7 150 1.8 143.1 3.9 270 740 1290 | 2280 290 470 
4.19 7.46 31.3 155 2.1 144.8 3.5 440 1170 | 1860 | 3060 445 655 
4.94 6.12 30.2 157 2.0 146.5 3.0 810 1820 | 2880 | 4500 610 725 
5.94 4.98 29.6 147 2.0 148.5 2.3 1240 | 2680 | 3800 | 5490 705 870 
7.52 4.06 30.5 145 2.1 150.3 1.3 1850 | 3480 | 4780 | 6140 835 925 
3.46 10.05 34.8 181 6.0 142.3 3.7 200 660 1070 | 1960 260 405 
4.16 8.08 33.6 178 5.8 144.4 3.0 340 1040 | 1760 | 3000 350 565 
4.90 6.58 32.2 173 5.8 146.2 2.5 600 1500 | 2610 | 3850 545 700 
5.90 5.26 31.0 167 5.8 148.1 2.1 1050 | 2330 | 3360 | 4680 665 810 
7.44 4.40 32.7 168 6.0 | 149 3 1.8 1420 | 2990 | 3990 | 5730 805 905 
Max. size gravel, 34-in. 
4.07 8.90 36.2 160 2.0 140.3 4.8 290 920 1410 | 2570 340 525 
4.86 6.93 33.7 151 1.9 142.3 4.6 510 | 1500 | 2470 | 4110 530 710 
5.89 5.64 33.2 160 2.2 144.1 3.9 890 | 2340 | 3600 | 5370 665 885 
6.88 4.65 32.0 152 2.0 | 146.7 3.0 1420 | 3150 | 4810 | 6520 800 955 
8.47 3.97 33.6 155 2.3 147.7 2.4 1850 | 3800 | 5540 | 7290 855 | 1060 
| 
4.03 9.28 | 37.4 193 5.5 | 139.5 | 4.9 280 930 1270 | 2350 325 485 
4.80 7.46 35.8 193 6.0 141.3 4.5 460 1280 2100 3380 520 640 
5.86 5.87 34.4 185 5.8 143.8 3.7 910 | 2330 | 3400 | 5350 655 815 
6.79 5.04 34.2 185 6.0 | 145.6 | 3.0 1230 | 2760 | 3940 | 6070 715 880 
8.35 4.29 35.8 188 6.0 | 146.3 | 2.5 1690 3260 | 4600 | 6680 790 940 
Max. size gravel, %-in. 
— ‘ cee: : eee see weeEee meee DC PE me 
4.59 8.45 | 38.8 | 155 1.7 136.9 6.6 | 340 | 1030 1600 | 2650 420 580 
5.48 575 | 36.9 | 157 2.0 | 138.1] 6.7 600 | 1600 | 2620 | 3800 | 595 | 740 
6.60 5.39 | 35.6] 155 2.0 141.7 5.1 980 | 2580 3730 5170 795 895 
7.69 4.72 | 36.3] 156 | 2.0 144.2 | 3.6 | 1540 | 3260 | 4790 | 6780 | 905 | 1025 
9.45 3.89 36.8 170 2.7 145.4 3.3 2150 | 4100 | 5260 | 7520 1075 | 1205 
| | | | | 
4.44 9.24 | 41.0 207 6.0 135.0 | 6.9 330 920 1290 2330 360 555 
5.35 7.13 38.1 ] 194 6.0 | 137.2 6.7 610 | 1560 2290 | 3680 535 690 
6.42 5.84 | 37.5] 194 6.0 | 138.9 | 6.3 980 | 2270 | 3420 | 5070 715 855 
7.50 4.88 | 36.6] 191 6.0 | 142.2] 4.7 1510 | 3060 | 4610 | 6580 | 835 | 1020 
9.27 4.14 38.4 189 6.1 143.5 3.9 1960 3600 | 5050 7470 955 1225 
| | 














Abrams said regarding fineness modulus, ‘‘The fineness modulus may 
be considered an abstract number; it is in fact a summation of volumes of 
material.’”’ (Lewis Inst. Bull. 1). With this concept it is apparent that 
when two or more aggregates of different specific gravity are proportioned 
to give a certain combined modulus, the proportions should be in relation 
to the volumes they occupy in the mix, rather than to the weights they 
contribute to a unit volume of concrete. Further, since cement is an 
essential ingredient in concrete, the volume which it occupies in the 
mix must have an important bearing on the relative proportions of fine 
and coarse aggregate. 

The relative volumes of cement, sand and coarse aggregates shown in 
Tables 3A and 3B were determined by dividing their weights by their 
specific gravities. The combined fineness moduli for total solid volumes 
in the various mixes was then calculated from these relative volumes. 
The fineness modulus for cement was assumed to be 0.00, since modern 
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TABLE 4B—SAND-CRUSHED STONE MIXES 
: : ~ Modulus of. 
Sks. per Net water Flow, |Slump,| Unit Air Compressive strength rupture 
cu. yd, |-————— percent| in. wt. | percent = -;—-——— 
gal./sk. \gal /yd 1 da 3da| 7 da | 2 28 da 7 és 28 da 
Max. Size Stone 1%-i in. : 
3.45 10.95 37.8 156 2.2 143.7 3.2 200 720 | 1150 | 1690 325 390 
4.20 8.81 37.0 161 2.6 145.9 2.4 380 | 1270 | 1830 | 2820 500 660 
5.01 6.90 34.6 151 2.2 147.9 2.2 690 | 2080 | 3220 | 4800 720 965 
5.95 5.60 33.3 153 2.2 149.5 1.9 1150 | 2840 | 4160 | 5400 900 | 1075 
7.43 4.57 34.0 153 2.3 150.4 Be 1660 | 3870 | 5010 | 6680 980 | 1145 
3.45 11.40 39.3 188 5.7 144.0 2.5 180 660 | 1070 | 1720 305 415 
4.18 9.12 38.1 192 5.8 145.6 2.2 360 | 1160 | 1810 | 2900 430 590 
4.95 7.41 36.7 183 5.8 147.4 1,8 570 | 1720 | 2790 | 4330 650 805 
5,87 6.18 36.3 173 5.5 148.4 1.6 940 | 2450 | 3670 | 5240 820 965 
7.82 5.06 37.0 181 5.6 149.7 1.1 1360 | 3140 | 4490 | 6290 985 | 1140 
Max. Size Stone %-in. 
3.93 | 9.83 | 38.6| 157 | 1.9 | 140.3| 5.2 | 270 | 840 | 1460 | 2230 | 380] 530. 
5.00 7.18 35.9 145 2.0 143.9 4.2 540 | 1660 | 2690 | 3960 590 815 
6.05 5.93 35.9 155 2.2 146.1 3.2 920 2480 3680 | 5250 835 1055 
6.97 5.14 35.8 153 2.2 147.3 2.8 1270 | 3100 | 4570 | 6190 980 | 1145 
8.47 4.36 36.9 151 2.3 148.7 2.1 1770 | 3770 | 5650 | 7200 | 1075 | 1245 
3.90 10.75 41.9 184 5.3 140.1 3.8 220 740 | 1300 | 1980 345 450 
4.90 8.19 40.1 191 5.7 142.4 3.7 430 1390 | 2280 | 3660 565 695 
5.93 6.52 38.7 188 5.8 144.4 3.3 770 | 2140 | 3400 | 4950 740 970 
6.89 5.52 38.0 180 5.3 146.4 2.6 1120 | 2670 | 4120 | 5960 895 | 1075 
35 4.70 39.2 180 5.7 147.7 1.8 1520 | 3310 | 5060 | 6400 | 1035 | 1185 
— —— -—— | Oe I 6 EE 8S Eee 
Max. Size Stone %-in. 
4.43 | 9.96 |44.1| 171 | 2.0 | 136.6| 5.8 | 280] 900 | 1380 | 2220 | 360 | 525. 
5.41 7.88 42.6 169 2.2 138.7 §.3 490 1490 | 2340 | 3500 540 675 
6,39 6.60 42.2 171 3.7 140.6 4.6 790 | 2150 | 3250 | 4600 725 910 
7.46 5.49 41.0 151 2.2 143.5 3.5 1160 | 3040 | 4420 | 5950 930 1080 
9.48 4.43 42.0 150 2.3 145.9 2.4 1940 | 4110 | 5900 | 7440 | 1100 | 1255 
4.33 10.48 45.4 182 5.5 134.3 6.9 260 750 | 1280 | 1950 375 470 
5.33 8.57 45.7 180 5.6 136.9 6.3 490 1380 | 2100 | 3210 555 725 
6.24 6.87 42.9 190 6.0 139.3 5.0 750 | 1890 | 2960 | 4360 750 840 
7.30 5.75 42.0 179 5.7 140.9 4.8 1060 2610 3930 5430 870 1000 
9.38 4.67 43.8 175 5.9 143.7 3.3 1670 | 3390 | 5170 | 6570 1040 1155 









































cements are all practically below 100 mesh in fineness. The figures 
obtained are shown in text Table D.* 

From the text Table D it can be seen that the combined optimum 
fineness modulus for total solid volumes is essentially constant for a 
given set of aggregates, regardless of the cement content of the mixes 
involved. The slight variations shown from one cement factor to another 
are all within the range of error in judgment in selecting the optimum 
sand content for the particular mix in question. 

Inclusion of the cement volume in establishing the optimum fineness 
modulus for a set of aggregates has at least two advantages. First, 
since the modulus obtained is essentially constant over the range of 
cement contents from lean to rich, a single set of trial batches on pre- 
viously unused aggregates will establish their best proportions for 
any reasonable range of cement contents. Second, in calculating new 


*Note: Stanton Walker, Director of Engineering, National Ready Mixed Concrete Assn., also advo- 
cates inclusion of cement in fineness modulus figures. (See R.M.C. Assn. Manual on Control of ¢ uality) 
The work done by Mr. Walker and the conclusions he drew from it i unknown to the writers at the time 
on ono So mga were reached. The two concepts, which are nearly identical, were therefore arrived 
at ent 

Mr. Giberauagests assigning a negative fineness modulus, varying from —2.5 to —3.5, to the cement. 
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Text Table D—Fineness modulus for total solid volumes 


Sks. per cu. yd. 3.5 4.25 5.0 6.0 Avg. 





























7.5 

Gravel, 114-in. max. size 4.80 4.83 4.85 4.84 4.75 4.81 
Stone, 11%4-in. max. size 4.65 4.67 4.68 4.65 4.60 4.65 

Sks. per cu. yd. 4.0 50 60 7.0 8.5 Avg. 
Gravel, *4-in. max. size 4.17 4.20 4.21 4.20 4.16 4.19 
Stone, 34-in. max. size 4.06 4.10 4.09 4.08 4.03 4.07 

Sks. per cu. yd. 4.5 55 65 7.5 9.5 Avg. 
Gravel, 34-in. max. size 3.45 3.45 3.46 3.49 3.43 3.46 
Stone, 34-in. max. size 3.37 3.37 3.37 3.40 3.34 


3.37 
mixes from data on trial batches, compensation can be made for high or 
low slumps, since changes in water content affect workability. 

: Method for calculation of batch proportions 
- The method of calculating batches for a new set of aggregates can 


best be given by example. Assume that the following data on the 
materials have been determined: 


Solid 
App. sp. gr. unit wet. F. M. 
| Sand 2.65 165.1 2.50 
s, 14- to 1%-in. stone 2.75 171.3 7.00 


Trial hand or machine mixed batches indicate an optimum fineness 





modulus for total solids of 4.70 is best for the use intended. From a 
consideration of strength-cement content curves, a 5.0 sk. mix with 6-in. 
slump is desired. Net water required, estimated from curves on similar 
aggregates, should be 36.5 gal. per cu. yd. Assume air voids for the 
concrete to be 1.5 percent; specific gravity of cement 3.15. 

a The volume occupied by the cement paste plus air voids per cu. yd. 
of concrete is then: 

‘s Cement: 5.0 X 94 + (62.3 * 3.15) = 2.39 cu. ft. 

, Water: 36.5 X 8.33 + 62.3 = 4.88 cu. ft. 

if Air: 27 X .015 = 0.40 cu. ft. 

= Volume cement paste plus air 7.67 cu. ft. 

yr Volume occupied by combined 

W aggregates 19.33 cu. ft. 

o- The fineness modulus of combined aggregates (X) is found from the 

ng uation: X = total F.M. solids X (Cem. vol. + agg. vol.) 


combined aggregate volume. 
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_ 4.70 (2.39 + 19.33) 
19.33 

The percentage of sand volume in the total aggregate volume is: Sand 

F.M. coarse agg —F.M. combined agg. 


or: X 





= 5.28 





percent = 100 = 
F.M. coarse agg—F.M. sand 
— = 38.2 percent 
7.00-2.50 


The quantities of sand and stone by weight per cu. yd. are: 

Sand: 19.33 X .382 * 165.1 = 1220 lb. 

Stone: 19.33 X (1-.382) X 171.3 = 2046 lb. 

Total weights of materials per cu. yd. of concrete, with aggregates in 
saturated surface dry condition are: 


Cement 5.0 sks. X 94 470 lb. 
Sand 1220 lb. 
Crushed stone 2046 Ib. 
Water 36.5 gal. X 8.33 304 lb. 

Total wt. per cu. yd. 4040 lb. 


It will be noted from the above equations that as the density of a given 
concrete mix is decreased, i. e., as its water or air content is increased, 
somewhat higher values will be found for the fineness modulus of com- 
bined aggregates. However, this slight compensation for changes in 
workability will not suffice where air-entraining cement is substituted 
for normal portland cement. With air-entraining cement, the air cells 
formed are much smaller than the voids which occur in normal concrete, 
and they function much as does fine sand in lubricating the mix. 

In figuring mixes where air-entraining cement is to be used, it is 
suggested that the quantity of sand per cu. yd. as calculated be reduced 
by an amount equal in solid volume to the expected increase in air con- 
tent over that in normal concrete. Account should likewise be taken of 
decreased water content of concrete with air-entraining cement. With 
reduced sand contents, this reduction will approximate 11% to 2 gal. per 
cu. yd. in the range of 7 sks. per cu. yd. of concrete, and up to 3% to 4 
gal. in 4 sk. concrete. 


SUMMARY AND CONCLUSIONS 


(1) Inclusion of the cement volume in the calculation of concrete 
mixes by the fineness modulus method materially simplifies test pro- 
cedure when concretes of several cement contents are contemplated with 
the same aggregates. 

(2) The method described for calculation of batches compensates for 
differences in specific gravity of fine and coarse aggregates. 
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(3) Trial batches ali of a single cement content per cubic yard, are 
recommended to determine the best proportions of previously unused 
fine and coarse aggregates. Judgment as to the optimum sand content 
should be governed by the use for which the mixes are intended. A 
good concrete mix for highway work or vibrated mass concrete may be 
badly undersanded when used in form work, or in jobs where hand 
placing and finishing are to be used. The mixes given in the present 
paper were intended for hand placing and hand finishing only, and 
would be oversanded if applied to machine finished work. It should also 
be understood that differences found between the particular gravel and 
crushed stone samples tested may not hold with similar aggregates 
from other sources. 
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Discussion of a paper by Myron A. Swayze and Ernst Gruenwald: 


Concrete Mix Design—A Modification of the Fineness 
Modulus Method* 


By STANTON WALKER and FRED F. BARTEL and AUTHORS 
By STANTON WALKER and FRED F. BARTELT 


Mr. Swayze’s paper affords an opportunity to offer for the record some 
random data on aggregate grading as measured by fineness modulus. 
As he has pointed out the senior author of this discussion had done in- 
dependent work, of which Mr. Swayze was not aware, on the concept of 
“fineness modulus of total solids in the mix’”’ which was presented briefly 
in the booklet on ‘Control of Quality of Ready Mixed Concrete’’ pub- 
lished by the National Ready Mixed Concrete Association in July, 1944. 
In this discussion it is attempted only to fill in certain gaps in published 
information; to endeavor to make an orderly presentation of the subject 
as a whole would require the laborious repetition of material already 
adequately covered in the literature. 


HISTORY OF FINENESS MODULUS 


The fineness modulus as a measure of grading of aggregates was 
first developed by Duff A. Abrams in about 1917 and introduced to the 
engineering profession in 1918 in Bulletin 1 of the Structural Materials 
Research Laboratory, Lewis Institute, Chicago. It has been used in the 
design of concrete mixtures for 30 years, but not, in our opinion, to the 
extent justified by the value of the function. Relatively few engineers 
have taken the trouble to inform themselves of even the self-evident 
uses of this helpful tool. The inclusion of the cement in the calculation 
of the fineness modulus makes it even more useful. 

The fineness modulus was first developed as a direct function of the 
sieve analysis. In the ‘Tentative Definitions of Terms Relating to 
Concrete and Concrete Aggregates,”’ of the American Society for Testing 
Materials (Designation: C 125-46T) the term is defined as follows: 

enadier of Mialomnines Mationak dined tad Goavel Assoslasion snd Mational Ready Mixed Concrete 


Association, Washington, D.C. : ' 
tAssistant Director of Engineering, National Sand and Gravel Association, Washington, D. C. 


(844-1) 
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Fineness Modulus.—-An empirical factor obtained by adding the total per- 
centages of a sample of the aggregate retained on each of a specified series of sieves, 
and dividing the sum by 100. 

NOTE: The sieve sizes used are No. 100 (149-micron), No. 50 (297-micron), 
No. 30 (590-micron), No. 16 (1190 micron), No, 8 (2380-micron), and No. 4 (4760- 
micron) and % in., %4 in., 11% in., and larger, increasing in the ratio of 2 to 1. 

For most practical applications the preceding definition is adequate. 
However, a more comprehensive definition would say that the fineness 
modulus is a mathematical function of the diameter of the particle. For 
the conditions established by Abrams and in the preceding definition, 
which require that material passing a No. 100 sieve and retained on a 
No. 200 sieve have a fineness modulus of 0, the relationship is as follows: 

m = 7.94 + 3.32 log d 
where, m = fineness modulus 

d = diameter of particle in inches. 
The preceding equation was published in Bulletin 1 of the Structural 
Materials Research Laboratory and should be considered as fundamental 
to any theoretical considerations of fineness modulus. 


The idea of including the cement in calculating the fineness modulus 
was discussed in the very early stages of the development of the function.* 
However, the possibilities were not pursued to a conclusion. It was felt 
that including the cement introduced an inconsistency. For example, 
considering the aggregate alone, the higher the fineness modulus (within 
limits) the higher the strength of the concrete. When cement is in- 
cluded with given aggregates, however, the more cement, the lower the 
fineness modulus, but the higher the strength! If was only when the 
overall influence of the particle distribution of the granular material on 
workability and water requirements of the concrete was realized some 
twenty-odd years later that the logic of including cement in the fineness 
modulus became apparent. 


STEPS IN BETTER UNDERSTANDING OF FINENESS MODULUS 


An important step in clarifying the picture was represented by Lyse’s 
contribution! *¢ showing that, within practical limits, for given aggre- 
gates, the quantity of mixing water per unit volume of concrete required 
to produce a given consistency is the same for any cement content. This 
useful and sufficiently accurate relationship is generally recognized and 
greatly simplifies the selection of proportions for concrete’: 4". 

In the application of the fineness modulus of aggregates to the design 
of concrete, knowledge of the maximum allowable value which may be 
used under given conditions is necessary. Abrams published a table of 


*Familiarity with these off-the-record considerations may be explained by the fact that the senior author 
of this discussion was employed in the Structural Materials Research Laboratory from June, 1917, through 
December, 1925, 

T¥igures refer to selected liat of literature at end of diacumsion, 
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“maximum permissible values’ in Bulletin 1 which is reproduced here 
as Table A. Note that the ‘mix’ is expressed in terms of one volume 
of cement to a given number of volumes of dry rodded mixed aggregates. 

In about 1941 it was considered desirable to translate this table of 
fineness modulus values to terms of modern usage, 7.e., with the “‘mix’’ 
expressed in terms of sacks of cement per cubie yard of concrete. In 
the translation process Abrams’ original values were carefully re-examined 
with the expectation that, after an elapse of more than 20 years, they 
might be beneficially modified. However, that did not prove to be the 
case and the revised values, shown in Table B’, provide the same limi- 
tation on coarseness of aggregates as the earlier ones. 


TABLE A—MAXIMUM PERMISSIBLE VALUES OF FINENESS MODULUS 
OF AGGREGATES! 

For mizes other than those given in the table, use the values for the next leaner mix 

For maximum sizes of aggregate other than those given in the table, use the values for 
the next. smaller size. 

Fine aggregate includes all material finer than No. 4 sieve; coarse aggregate includes all 
material coarser than the No, 4 sieve. Mortar is a mixture of cement, water and fine 
aggregate. : : 

Chis table is based on the requirements for sand-and-pebble or gravel aggregate com- 
posed of approximately spherical particles, in ordinary uses of concrete in reinforced 
concrete structures. For other materials and in other classes of work the maximum 

rmissible values of fineness modulus for an aggregate of a given size is subject to the 
following corrections: 

(1) If crushed stone or slag is used as coarse aggregate, reduce values in table by 
0.25. For crushed matteiol consisting of unusually flat or elongated particles, 
reduce values by 0.40. 

(2) For pebbles consisting of flat particles, reduce values by 0.25. 

(3) If stone screenings are used as fine aggregate, reduce values by 0.25. 

(4) For the top course in concrete roads, reduce the values by 0.25. If finishing 
is done by mechanical means, this reduction need not be made. 

(5) In work of massive proportions, such that the smallest dimension is larger 
than 10 times the maximum size of the coarse aggregate, additions may be made to 
the values in the table as follows: for 44-in. aggregate 0.10; for 114-in. 0.20; for 3-in. 
0.30; for 6-in. 0.40, 

Sand with fineness modulus lower than 1.50 is undesirable as a fine aggregate in 
ordinary concrete mixes. Natural sands of such fineness are seldom found, 

Sand or screenings used for fine aggregate in concrete must not have a higher fineness 
modulus than that permitted for mortars of the same mix. Mortar mixes are covered 
by the table and by (3) above 

Crushed stone mixed with both finer sand and coarser pebbles requires no reduction 
in fineness modulus provided the quantity of crushed stone is less than 30 percent of the 
total volume of the aggregate. 





Mix? Size of Aggregate 

Cem,- a ee 
Age. 0-25 O-14 O-8 O-4 0-38 0-% in, O- 4 O-4¢ O-Lin.* O- 1g 0-2.19 0-3 in. O-4549 0-46 in, 
1-12 1.20 1,80 2.40 2.05 3.35 3.80 4,20 4.60 5.00 5.35 5.75 6.20 6.60 7,00 
1-4) 1.40 1.85 2.456 3.06 3.45 3.85 4.25 4.65 5.00 5.40 5.80 6.25 6.66 7.05 
1-7 1.40 1.905 2.55 3.20 3.55 3.05 4.35 4.76 5.15 5.55 5.05 6.40 6.80 7.20 
1-4 1.50 2.05 2,65 3.30 3.65 4.05 4.45 4.85 5.25 5.65 6.05 6.50 6.90 7.30 
l= 1.60 2.15 2.75 3.45 3.80 4,20 4,60 56,00 5.40 5.80 6,20 6.60 7,00 7.45 
1-4 1.70 2.30 2,900 3,60 4,00 4,40 4.80 5,20 5.60 6,00 6.40 6.85 7.25 7.65 
1-3 1.85 2.50 4.10 3.90 4,30 4,70 5.10 5.50 5.90 6.30 6,70 7.15 7.55 8.00 
1-2 2,00 2.70 8.40 4,20 4,60 5.05 5.45 5,90 6.30 6.70 7.10 7.55 7.05 8,40 
lel 2.26 3.00 3.80 4.75 5.25 5.600 6.05 6.50 6.90 7.35 7.75 8.20 8.65 9.10 


! Table reproduced from ‘Design of Concrete Mixtures” by Duff A. Abrams, Bulletin 1, Structural 
Materials Research Laboratory. 

® Mixes expressed as 1 bag of coment to indicated number of ou ft of mixed aggregate in a dry and rodded 
condition, 

* Considered as “half-nize’ 


sieves; not used in computing fineness modulus, 











844-4 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE Part 2 Dec. 1947 


It was during the translation just referred to that the usefulness of 
including the cement in the fineness modulus became apparent. It 
became evident that, for ordinary ranges in mixes, the fineness modulus 
of total solids (aggregates plus cement) was a constant for each maximum 
size of aggregate in either Table A or B. This is illustrated in Table C 
where Abrams’ original table is reproduced, except that the fineness 
moduli include the cement. For the 1-9 through the 1-4 mix, the maxi- 
mum permissible fineness moduli are approximately constant for all 
mixes for a given size of aggregate. Beyond this point so much cement 
is used that the “maximum permissible’ value cannot be utilized prac- 
tically. Further studies resulted in the development of desirable values 


TABLE B—ABRAMS' MAXIMUM PERMISSIBLE VALUES OF FINENESS 
MODULUS 


Values derived from Bulletin 1, Structural Materials Research Laboratory, “Design of 
Concrete Mixtures,”’ by Duff A. Abrams, 

Values from Table 3 of Abrams’ Bulletin 1, except that mixes expressed as “sacks 
of cement per cu yd of concrete,” instead of “ratio of volume of aggregate to cement.” 

Values for aggregate having maximum size of No, 4 and smaller based on natural 
sand. 

Values for aggregate having maximum size of 4% in. and greater based on mixtures 
of natural sand with rounded gravel having voids of about 35 percent in dry rodded 
condition, Values should be reduced about 0.1 for each increase of 5 in the percentage 
of “dry-rodded”’ voids in the coarse aggregate. 

Maximum size is represented by that sieve next larger than sieve on which 15 percent 
of total aggregate is retained. 

Mixes represented by these fineness moduli of combined aggregates are of about the 
harshness permissible for concrete pavement construction, They should be reduced 
about 0.2 to 0.3 for reinforced concrete construction. They may be increased slightly 
for massive structures, 

Important Note: These maximum permissible fineness moduli should be used only 
asa guide, ‘They can be attained only with well graded aggregates. All portions of the 
combined aggregate from “zero” size to the various intermediate sizes should have 
fineness moduli not greater than permitted for those intermediate sizes, if workability 
is to be assured, For example, consider the 6.6 permissible fineness modulus for the 3 
in, Maximum size and the “5-sack’’ mix; that portion of the combined aggregate finer 
than 1% in. should not have a fineness modulus greater than 5.8; that portion finer than 
% in., not greater than 5.0; and #0 on all the way down; including the fine aggregate and 
ita fractions, Fine aggregates should be examined from this viewpoint with particular 
care, Except in rare cases of ideal grading, a sand with a fineness modulus of, say, 3.4 
is too coarse for ordinary mixes because ita finer portions are too coarse, 


Maximum size Mix~—-Sacks of cement per cu. yd. of concrete 

of aggregate, 

sieve No, or size | 3 4 h 6 7 s i) 10 
No, 30 1.4 1.5 1.6 con 1.8 1.9 1.9 2.0 
No, 16 1.9 2.0 2.2 2.4 2.4 2.5 2.6 2.7 
No, 8 2.5 2.6 2.8 2.9 3.0 3,2 3.3 3.4 
No, 4 3.1 3.3 3.4 3.6 3.8 3.0 4.1 4,2 
% in. 3.9 4.1 4.2 4.4 4.6 4.7 4.9 5.0 
Vy in, 4.1 4.4 4.6 4,7 4.9 5.0 5.2 5.3 
% in, 4.6 4.8 5.0 5.2 5.4 5.5 5.7 5.8 
l-in. 4.9 5.2 5.4 5.5 5.7 5.8 6.0 6.1 
1%-in. 5.4 5.6 5.8 6.0 6.1 6.3 6.5 6.6 
2-in, 5.7 5.9 6.1 6.3 6.5 6.6 1.8 7.0 
3-in, 6,2 6.4 6.6 6,8 7.0 7a 7.3 7.4 
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TABLE C—FINENESS MODULI OF COMBINED CEMENT AND AGGREGATES 
FOR MIXES IN TABLE A 


Calculations based on fineness modulus of cement of minus 2.5 and weights per cu ft 


for combined aggregates shown in parentheses, 


taken as 3.15 and that of the aggregate as 2.65. 


Mix(') 
Cem.- 
Aug. 


12 


PIs 


-— SSeS 


(1) Mixes expressed as 1 bag of coment to indicated number of cu ft of mixed aggregate 


condition 





0-25 O14 
(105) (100) 
0.98 1.55 
1.01 1,52 
1.02 1.52 
1.05 1.55 
1.06 1,54 
1.038 1,54 
0.08 1.50 
0.77 1,28 
0.21 0.64 


OS O4 
(108) (112) ¢ 
2.12 2,65 
2.08 2,65 
2.07 2.68 
2.00 2.60 
2.08 2 
2.06 2,68 
2.00 2.68 
1.82 2,45 
Lue lve 


‘ a] 
é 4 
3 4 
4 3 
71 3.04 3,41 

4 3 
3 4 
2 ; 

2 


Size of aggregate 


0-3 O-%% in 
115) (118) 


ag 


.O-% O-% O 
(121) (125) (12 
3.85 4.24 4 
3.70 4.18 4 
3.76 4.15 4 
3.76 4.15 4 
3.78 4.16 4.55 
3.77 4.15 4 
3.74 4.10 4 
3.40 3.88 4 
2.66 3.02 3 


O-1% 
(180) 
4.07 
00 


0-2 
(183) 


5.46 
5,28 
5.20 
5.28 
5.28 
5.24 
5.18 
1.00 
3.04 


The specifie gravity of the cement was 


1 O-3in, 0-444 0-6 in, 


(135) (186) (187) 
5.79 6.18 6.56 
5.72 6,10 6,47 
5.71 6.08 6.46 
5.70 6.06 6.44 
5.64 6.01 6,42 
5.65 6.01 6.37 
5.56 5.91 6.30 
5.28 5.50 5.06 
4.25 4.538 4.85 


in a dry and rodded 


TABLE D—VALUES OF FINENESS MODULUS FOR USE IN DESIGN 


The maximum permissible values represent mixes with about the minimum mortar 
content usable where placement conditions are favorable as in pavement slabs and 


MASsKIVe sections, 
normal reinforced sections, 


than the No. 4 sieve. 


Cirading 
of 
aggregate 


0—No, 30 
0-—No, 16 


0—No, 8 
0-—No, 4 
0 My in, 
0-——Y in, 
0 7" in. 
0-1 in, 
0) l 1 » in. 
0-2 in. 
0-3 in, 


0-—-No, 30 
0—No, 16 


0—No, 8 
0--No, 4 
0 ay in. 
0 ly in, 
O-—% in, 
0-1 in, 
01! ¥ in, 
0-2 in, 
0-3 in, 


| 


The values for the “workable concrete” are considered applicable to 
Coarse aggregate was assumed to be that aggregate coarser 


Fineness modulus of total solids (aggregate plus cement) 
for different voids in coarse aggregate 


enor 
35% 


40% 


Maximum permissible values 


1.00 
bp 
10 
65 
40 
75 
15 
55 
00 
30 
65 


oh 


n~nm 


= tt < 


— — 





Workable (slightly 


0.05 
1,50 
2.00 


2.55 


3.20 
3.55 
3.00 
4.30 
4.65 
5,05 


5,40 





00 
55 
2.10 
2.65 
3.35 
4.65 
4.00 
4.40 
1.75 
5.05 


5.40 


over-sanded) 


oe 
= 


Oh 
50 
00 
55 
1h 
45 
RO 
1h 
45 
x0 
10 


Soa eoNwnw— 


2 > > 


concrete 


45% 


00 
55 
10 
Ob 
25 
60 
OO 
20 
55 
BH 
15 


Senn cnwn-— 


= 


0.05 


1.50 
2.00 
2.55 
3.10 
3.40 
3.70 
4.00 
4.30 
4.60 
4.90 


50% 


1.00 
1.55 
2.10 
2.65 
3,20 
3.50 
3.80 
4.05 
4.35 
4.60 
4.90 


0,05 
1.50 
2.00 
2.55 
3.05 
3.30 
3.60 
3.85 
4.15 
4.40 
4.65 
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of fineness moduli of total solids for various aggregates. The results are 
given in Table D and are shown graphically in Fig. A. These values take 
into account differences in void contents of coarse aggregates due to 
particle size and shape*. They were arrived at by determining the 
volume of dry rodded coarse aggregate per unit volume of concrete (b/bo) 
in concrete mixtures with aggregates having voids of 35 percent. The 
same b/by was maintained for aggregates having voids of 40, 45, and 50 
percent. - 

Studies of “‘particle interference,’ first called to attention by C. A. G. 
Weymouth’, uncovered a most significant, but always inherent, applica- 
tion of the fineness modulus. To avoid “particle interference,” the 
fineness modulus of that portion of the total solids finer than any size 
shall not be greater than the maximum permissible value for that size!. 
It is apparent that a mix which is harsh for %4 in. aggregate will not be 
rendered less harsh by adding larger sized material. It should be de- 
termined that the maximum allowable fineness modulus is not exceeded 
by that portion of the aggregate finer than any size, if workable concrete 
is to be insured. 

The constancy of fineness modulus of total solids and of water require- 
ments per volume of concrete for a given consistency and for all cement 
factors indicates a close relationship between fineness modulus and water 
requirements. A close fit of the data may be expressed by the following 
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Fig. A—Optimum values of fineness modulus of total solids 
(samé data as in Table D) 
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K 
w= - 
1.15” 
where; w = water requirements, gal. per cu yd of concrete 


m = fineness modulus of total solids 
K = 62 for 1 to 2 in. slump conerete 
K = 66 for 3 to 4 in. slump concrete 
K = 74 for 6 to 7 in. slump concrete 
Water requirements obtained from this equation are shown in Fig. B. 
A comparison of the water requirements obtained by the formula and as 
suggested by various publications is given in Table E and show gratifying 
agreement. In further support of the validity of the formula, neat 
cement paste of fineness modulus of solids of —2.5 is indicated to require 
water in the amount of 24.2 percent for a consistency represented ap- 
proximately by a 1 to 2-in. slump. This agrees quite well with the 
normal consistency of most cements. 
A word about the fineness modulus of cement is in order. Mr. Swayze 
assumes it to be 0, which appears to be an unnecessary simplification. 
There are considerable data available on the particle size and distribu- 
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FINENESS MODULUS OF TOTAL SOLIDS (AGGREGATES PLUS CEMENT) 


K 
Fig. B—Graph of w = 
9 raph of « 115" 
w = gal, water per cu yd concrete 


m = fineness modulus total solids, including cement 
K © constant 
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TABLE E—COMPARISON OF ESTIMATES FROM DIFFERENT SOURCES FOR 
TOTAL MIXING WATER 


Reference A is the “Control of Quality ot Ready Mixed Concrete,” a publication of the 
National Ready Mixed Concrete Association, 

Reference B is “A Method for Proportioning Concrete for Compressive Strength, 
Durability and Workability” by A. T. Goldbeck, Bulletin 11 of the National Crushed 
Stone Association. See also ‘The Proportioning of Concrete’ by A. T. Goldbeck, a 
publication of the National Ready Mixed Concrete Association. 

teference C is ACI Standard (613-44) “Recommended Practice for the Design of 
Concrete Mixes,” Values for 1 to 2 in. and 6 to 7 in. slump under this heading were 
obtained by applying the adjustment recommended in Table 8 of this reference to the 
estimated water required for 3 to 4 in. slump concrete. 


Water requirements, gal. per cu yd 


Max. Reference Reference Reference 
size Formula(*) A B C 

of SS ite Tia wna 
aggre- | 35% 40% 45% 50% |rounded angular)rounded angular|rounded angular 
gate voids voids voids voids| agg. agg. agg. agg. agg. age. 


Slump 1-2 in. 
36.0 36.5 35 30 35 


4 in. 35.0 35.5 

1 in. 33.0 33.5 34.5 35.5 33 37 32 35 34 
1% in, $1.5 32.0 33.0 34.0 32 35 30 33 32 
2 in. 80.0 31.0 382.0 33.0 30 33 209 32 30 


3 in. 28.5 20.5 30.5 31.5 28 31 28 


Slump 3-4 in, 
% in. 37.0 38.0 38.5 39.0 38 42 36 40 














37 40 
1 in, 35.0 36.0 37.0 37.5 36 40 34.5 38 36 30 
1% in. 33.5 34.0 35.0 36.0 35 38 33 36 34 37 
2 in. 31.5 338.0 34.0 35.0 33 36 32 35 32 35 
3 in. 30.5 31.5 32.5 33.5 31 34 30 33 

Slump 6-7 in. 

% in. 41.5 42.5 43.0 44.0 42 46 38 42 40 
1 in. 39.5 40.5 41.5 42.5 40 44 36.5 40 30) 
1% in. 37.5 38.5 39.5 40.5 39 42 35 38 37 
2 in. 35.5 37.0 38.0 39.0 36 30 34 37 35 
3 in. 34.0 35.0 36.5 37.5 33 37 33 














PIN FERS ae 3 
(1) Based on W Tis’ 
oversanded concrete,"’ these values should be increased. 


where values for m are maximum perminsible fineness moduli, For ‘slightly 


tion of cement.'’"! From such data the fineness modulus of the cement 
may be computed using the basic equation given earlier in this dis- 
cussion. A limited study indicates that a fineness modulus of —2.5 for 
cement is reasonable and sufficiently accurate for use in “mix’’ designs. 
A fairly good relationship was found between the specific surface and 
fineness modulus of the cement which is shown in Fig. C. 


CONCLUSION 


The fineness modulus, whether considered as an empirical or a rational 
function, is a highly significant and useful measure of size distribution 
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of granular materials. The expansion of its application from mineral 
aggregates alone to cement and combinations of cement and aggregates 
greatly increases its scope of usefulness. An understanding of the signifi- 
cance of the “intermediate” fineness modulus in relation to “particle 
interference’ is most helpful in arriving at a well balanced design of 
concrete mixtures. Any student of concrete proportioning will be well 
repaid for the effort required to familiarize himself with the fineness 
modulus. 


ie) 
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FINENESS MOOULUS 
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Fig. C—Relation between fineness modulus and specific surface for cement 
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AUTHORS’ CLOSURE 


The authors of the paper have found much worthwhile meat in the 

discussion presented by Stanton Walker and Fred F. Bartel. As they 
point out, the fineness modulus method for design of concrete mixes, as 
published by Abrams, has not been as widely used as the value of the 
method would justify, to which we agree fully. Modification of Abrams’ 
table of maximum permissible values of fineness modulus to the sacks 
per cu yd basis, and recognition by Weymouth of the significance of 
particle interference limiting intermediate gradings, have done much to 
bring the method up to date for direct use in modern concrete design, 
Inclusion of the cement volume in the modulus for the calculation of 
concrete mixes should further increase its usefulness, as Walker and 
Bartel have stated. 
. The only point on which the authors disagree with them is on assign- 
ment of negative values for the fineness modulus of cement. ‘To assign 
such values, it is necessary to take account of particle diameters much 
smaller than the finest sieve in the series used for sieve analysis of aggre- 
gates. Since the fineness modulus of a graded material is essentially 
the summation of elemental areas under the fineness curve, any extension 
of the sieve series to include the theoretical sieve sizes needed to determine 
cement size gradation must also be applied to the aggregates as well. 

To clarify this situation for those who do not use the fineness modulus 
method for concrete design, a more complete quotation from Abrams’ 
text on “Design of Concrete Mixes” is as follows: (Italics are ours unless 
noted.) 

The problem of designing concrete mixes resolves itself into this: 
To produce a workable concrete which has a given water-ratio using a mini- 
mum quantity of cement; or the converse, to produce a workable concrete with 

a minimum water-ratio using a given quantity of cement. The methods for 

securing the best grading of aggregate and the use of the driest concrete which 

is workable are thus seen to be only devices which enable us to accomplish the 

above-mentioned results. 

Fineness modulus of aggregate 

“The experimental work carried out in the laboratory has given rise to what we 
term the fineness modulus of the aggregate. This function furnishes a method of 
measuring the size and grading of the aggregate. It may be defined as follows: 

The sum of the percentages in the sieve analysis of the aggregate divided by 100. 

The sieve analysis is determined by using the following sieves from the Tyler 
standard series: No, 100, 48, 28, 14, 8, 4 and % in., 4% in. and 1!4in, These sieves 
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are made of square-mesh wire cloth, Each sieve has a clear opening just double 
the width of the preceding one. The exact dimensions of the sieves and the method 
of determining the fineness modulus will be found in [Abrams’] Table 1. It will 
be noted that the sieve analysis is expressed in terms of the percentages of ma- 
terial by volume or weight coarser than each sieve [Abrams’ italics]. 


Table 1 


METHOD OF CALCULATING FINENESS MODULUS OF AGGREGATES 


The sieves used are commonly known as the Tyler standard sieves. Each sieve 
has a clear opening just double that of the preceding one. 


The sieve analysis may be expressed in terms of volume or weight. 


The fineness modulus of an aggregate is the sum of the percentages given by 
the sieve analysis, divided by 100. 





Sieve Analysis of Aggregates 























Size of Per Cent of Sample Coarser than a Given Sieve 
Sieve Square Opening Sand Pebbles Concrete 
Size in. mm. Fine Medium Coarse Fine Medium Coarse Aggregate 

ne (A) (B) (C) (D) (E) (F) (G)** 
100-mesh ...... 0058 147 82 91 97 100 100 100 98 
48-mesh*...... 0116 .295 52 70 8) 100 100 100 92 
28-mesh*...... .0232 59 20 46 63 100 100 100 86 
14-mesh*...... 046 1.17 0 24 44 100 100 100 81 
8-mesh ...... .093 2.36 0 10 25 100 100 100 78 
4-mesh ...... 185 4.70 0 0 0 86 95 100 71 
is ceocoece .37 9.4 0 0 0 51 66 86 49 
in besaeens 75 18.8 0 0 0 9 25 50 19 
MNEs aseces oa. 38.1 0 0 0 0 0 0 0 
Fineness Modulus...........- 1.54 2.41 3.10 6.46 6.86 7.36 5.74 








*(Note added at fifth printing, October, 1922.) The No. 48, 28, and 14-mesh sieves give 
the same separation as the No. 50, 30, and 16 now used in the “Tentative Method of Test for 
Sieve Analysis of Aggregates for Concrete” of the American Society for Testing Materials. The 
No. 50, 30, and 16 sieves are now used in all our tests, 


**Concrete aggregate “G" is made up of 25% of sand “B" mixed with 75% of pebbles “E.” 
Equivalent gradings would be secured by mixing 33% sand “B" with 67% coarse pebbles “F’’; 

“A” with 72% “F,” etc. The proportion coarser than a given sieve is made up by the 
addition of these percentages of the corresponding size of the constituent materials. 


Sieve analysis of aggregates 


There is an intimate relation between the sieve analysis curve for the aggre- 
gate and the fineness modulus; in fact, the fineness modulus enables us for the 
first. time to properly interpret the sieve analysis of an aggregate. If the sieve 
analysis of an aggregate is platted in the manner indicated in [Abrams’] Fig. 2; 
that is, using the percent coarser than a given sieve as ordinate, and the sieve 
size (platted to logarithmic scale) as abscissa, the fineness modulus of the aggregate 
is measured by the area below the sieve analysis curve. The dotted rectangles for 
aggregate “G’’ show how this result is secured. Hach elemental rectangle is the 
Sineness modulus of the material of that particular size. ‘The fineness modulus of the 
graded aggregate is then the summation of these elemental areas. 

The fineness modulus may be considered as an abstract number; it is in fact a 
summation of volumes of material. There are several different methods of com- 
puting it, all of which will give the same result. The method given in [Abrams’] 
Table 1 is probably the simplest and most direct, 

Some of the mathematical relations involved are of interest. The following 
expression shows the relation between the fineness modulus and the size of the 
particle. 
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FIG. 2, METHOD OF PLOTTING SIEVE ANALYSIS OF AGGREGATES 
Sieve analysis curves for aggregates B, E and G in Table 1. 


m = 7.94 + 3.32 log d. 
m = fineness modulus. 
d = diameter of particle in inches. 


“This relation is perfectly general so long as we use the standard set of sieves men- 
tioned above. The constants are fixed by the regular sizes of sieves used and the 
units of measure. Logarithms are to the base 10. 


“This relation applies to a single-size material or to a given particle. The fineness 
modulus is then a logarithmic function of the diameter of the particle. This 
formula need not be used with a graded material, since the value can be secured more 
easily and directly by the method used in [Abrams’] Table 1. It is applicable to graded 
materials provided the relative guantities of each size are considered, and the diameter 
of each group is used. By applying the formula to a graded material we would be cal- 
culating the values of the separate elemental rectangles shown in [Abrams’] Fig. 2.” 

It will be seen from the last quoted paragraph of Abrams’ text that the 
mathematical formula used by Mr. Walker to determine the fineness 
modulus of cements was intended only for single particles, or of single 
sized grains. Since cement is a graded material, application of the 
formula must be accompanied by reliable particle size analyses, on which 
we have far too little reliable information. Data calculated from Wagner 
turbidimeter values are not reliable in the range of 7.5-20 microns, due 
to differences between specific gravities of gypsum and clinker grains, 
and the concentration of practically all of the gypsum in cement into 
this range of particle size. Further, the assumption by Wagner, for 
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purposes of calculation, that all cement particles less than 7.5 microns 
have an average diameter of 3.75 microns throws a still greater error into 
the determination of the actual size gradation of cement. 

However, assuming that these erroneous values are correct, and 
plotting the size gradation from them, we come out with particle size 
curves for Type I and Type III cements somewhat as shown in our 
present Fig. D-1. The theoretical sieve sizes shown (No, 400, 800, 
1600) are a continuation of the Tyler sieve series, each having an open- 
ing one half the size of the preceding sieve. Picking off percentages 
retained by these openings, we have the following gradations for Types 
[and III cements: 


PERCENT CEMENT RETAINED ON SIEVE 








BR ROO Sis 5 50's ns ose oe a teaie 9 18 37 74 149 
a eed ee 1600 800 400 200 100 
Se GU, oo vc vc weve ev cale ie 75 60 33 8 0 
ys, Fi go | ER pene pan 55 31 7 0 0 








Using these sub-standard sieves, the fineness moduli for Types I and 
III cements come out 0.93 and 1.76 respectively. Using the Abrams 
formula, and assuming that all particles of Type I cement have an 
average size of 25 microns and all particles of Type III cement have a 
size of 12 microns, we find values of —2.04 and —3.10 respectively, 
which agree fairly well with Mr. Walker’s average value of —2.5. 
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A mathematical examination of the formula itself will disclose that 
under its terms, the fineness modulus of a particle becomes zero when its 
diameter is 0.00406 in., or 103 microns, which is the opening for a 150 
mesh sieve. It would appear, therefore, in the derivation of this formula, 
that Abrams considered aggregale particles of less than this size as having 
little effect on concrete workability, and their volume in comparison 
with the whole range of aggregate particle sizes negligible. 

However, should we desire to take account of cement fineness in 
fineness modulus calculations, it will be necessary to extend the range 
of sieve sizes into the area where significant quantities of cement are 
retained on them. If this is done for the cement portion of the mix, 
then it is equally necessary to make similar extensions for the aggregate 
sizes as well. This for the reason that by whatever means one arrives 
at the combined fineness modulus of a mixture of solid, graded size 
materials, the modulus by definition must remain the summation of 
elemental areas below the sieve analysis curve. 

To illustrate the effect of extending sieve ranges into the area where 
cement finenesses are significant, the following tables and figures have 
been prepared. Table F shows the particle size gradations for concrete 
batches made with No. 4~%4-in. gravel, originally shown in Table 3A of 
our paper. For each cement content, the first column shows the size 
gradation for aggregate alone, while the second gives similar figures when 
the cement volume is included. As was stated in the original report, the 
latter figures are essentially constant for the entire range of cement 
contents. Fig. D-2 shows the family of five curves which result’ when 
the size distribution for the five mixes is plotted against the standard 
sieve sizes. 

Fig. E-1 shows the same mixes, but with the cement volume included 
in the total solids. Note that while the five curves are similar to those 
in Fig. D-2, they cross each other at approximately the No. 30 size, 
with the leaner mixes showing the higher areas under the curve for the 
No. 100 and No. 50 sizes. This of course is due to lack of cement in 
these batches, which pulls down the curves for the richer mixes in this 
range. 

In Table G we show the effect of extending the sieve range into the 
area of sizes where cement fineness is of significance. Since the finer 
Type III cements usually show somewhat better workability in con- 
crete than either Types I or Il, we have calculated particle size dis- 
tributions for the five batches both with Type I and Type IIT products. 
In the range of sieve sizes from No. 100 to 44-in. the figures are of course 
identical with those in Table F’. 

From an inspection of the fineness moduli shown in Table G it will be 
seen that our original notation of a constant modulus for combined 





TA 


| 
! 
: 
| 





MIX DESIGN—MODIFICATION OF FINENESS MODULUS METHOD 844-15 


TABLE F—PARTICLE SIZE GRADATION, NO. 100 TO %4 IN.—GRAVEL MIXES 








| 
lOpen,| 4.0 sacks | 5.0sacks | 6.0 sacks 7.0 sacks 8.5 sacks 
| ing | 
| mi- | Age. |Agg.+-| Age. |Agge.+-| Age. |Agg. | Agg. |Agg. +| Age. |Agge.+ 
Sieve | crons| only | cem. | only | cem. | only | cem. only | cem. | only | cem, 
 % |19100| 3.2| 2.9] 3.4] 3.0] 3.6) 3.1] 3.8] 3.3) 4.1] 3.3 
% | 9520] 29.1 | 26.4 | 30.7 | 27.4 | 32.4 | 28.2 | 34.6 | 29.3 | 36.4 | 29.6 
4 | 4760) 44.2 | 40.1 | 46.6 | 41.5 | 49.3 | 42.8 | 52.1 | 44.1 | 55.2 | 44.9 
8 | 2380) 53.5 | 48.6 | 56.4 | 50.2 | 59.6 | 51.7 | 62.8 | 58.2 | 66.5 | 54.0 
16 | 1190) 62.2 | 56.4 | 64.6 | 57.5 | 67.3 | 58.4 | 69.9 | 59.3 | 73.0 | 59.4 
30 | 590] 77.1 | 69.9 | 78.5 | 70.0 | 80.3 | 69.7 | 81.9 ! 69.4 | 83.8 | 68.1 
50 | 297) 92.9 | 84.3 | 93.4 | 83.1 | 94.0 | 81.5 | 94.4 | 80.0 | 95.0 | 77.2 
100 | 149| 97.9 | 88.8 | 98.0 | 87.3 | 98.2 | 85.2 | 98.3 | 83.2 | 98.4 80.1 
—- - | | | 
F.M. agg. 1.60 | | 4.72 | | 4.85 | | 4.98 5.13 | 
F.M. total | 
solids 4.17 4.20 | 4.21 | | 4.22 | 4.17 


solid volumes and varying cement content no longer holds, either for 
Type I or III cements. Instead, the modulus decreases as the cement 
content is increased, 

Fig. E-2 provides an explanation for this reversal in slope of the usual 
fineness modulus-cement content curve. From the *4-in. size down to 
No. 100, the particle size gradation curves for the five mixes are identical 
with those in Fig. E-1. For No. 100 and below, the gradations in size are 
those for Type I cement, except for the dotted line showing the gradation 
for the 8.5-sack mix for Type III cement in comparison with the other 
line for Type I. 
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TABLE G—EFFECT OF CEMENT FINENESS ON PARTICLE SIZE SRADATION 
TOTAL SOLIDS, 9 MICRON TO %-IN. GRAVEL MIXES 


























4.0 sacks 5.0 sacks 6.0 sacks 7.0 sacks | 8.5 sacks 
Open- 7 nn A POR EN 7 ee P= Pee 
ing, | Type | Type | Type | Ty Ty Type Type Ty ve | Type | Ty 
Sieve ss I Ill I I ‘ia C I ve 3 I i r II 
crons | 
a - awe 
% |19100 2.9 3. 0 3.1 3.3 3.3 
3% | 9520 26.4 27.4 28.2 29.3 29.6 
4 | 4760 40.1 41.5 42.8 44.1 44.9 
8 | 2380 48.6 50.2 51.7 53.2 54.0 
16 | 1190 56.4 57.5 58.4 59.2 59.4 
30 590 69.9 70.0 69.7 69.4 68.1 
50 | 297 84.3 83.1 81.5 80.0 77.2 
100 149 88.8 87.3 85.2 83.2 80.1 
200 74| 91.4 | 90.7 | 89.8 | 89.0 | 87.8 | 86.8 | 86.0 | 84.7 | 82.8 | 81.2 
400 37} 93.8 | 91.3 | 92.6 | 89.6 | 91.2 | 87.7 | 89.8 | 85.8 | 87.4 | 82.6 
800 18} 96.2 | 93.6 | 95.6 | 92.5 | 94.7 | 90.8 | 93.8 | 89.5 | 92.5 | 87.0 
1600 9} 97.7 | 95.8 97. 3 | 95.0 | 96.7 | 94. o 96.3 | 93.1 | 95.4 | 91.4 
F.M. total 
solids Type I | 7.97 7.95 7. 91 7.88 7.75 
F_M. total 
solids 
Type III 7.89 7.86 7.80 7.75 7.59 





























In this figure it can be immediately seen that the area under the curve 
which is devoted purely to fineness of cement is all out of proportion 
to the volume which cement occupies in any normal concrete mix. Due 
purely to over-emphasis on the sub-standard particle sizes an increase 
in cement content causes a decrease in fineness modulus for the total 
solids. 


Furthermore, as each fine sieve is added to the standard sieve series, 
the fineness modulus of any aggregate mixture is increased by 1.0, which 
throws values obtained by sieve analysis into an unfamiliar bracket for 
those who now use this excellent means of mix design. 


The authors recognize that fineness of cement does play a part in 
improving workability of concrete. Anyone who has changed from a 
Type I or II cement to the finer Type III products, and continued to 
use the same aggregate proportions, must have noticed an improve- 
ment in fatness and general workability of the mix. However, it is our 
contention that for purposes of simplified mix design, it is better to 
ignore these slight changes in workability due to cement fineness, and 
confine attention to gradation of the aggregates, in which lies the greater 
possibility for serious variations in concrete workability. 


To sum up, we suggest the concept of cement and water in a con- 
crete batch as forming a fluid medium of varying density and viscosity 
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as the water-cement ratio of the batch is changed. In this fluid medium, 
which has no fineness modulus of its own (F.M. = 0.00) the particles 
of aggregate are suspended for a sufficient length of time to allow trans- 
portation, placing and finishing of the surface before settlement of the 
aggregate and interlock of particles destroys the essential workability 
of the batch. 

Since the cement occupies a definite, though minor part of the volume 
of solids in a concrete batch, its presence should be accounted for in the 
valculations of aggregate gradation, but by the fineness modulus method, 
the fineness modulus assigned to the cement should be 0.00. With in- 
clusion of the cement in calculations of mixes by the fineness modulus 
method under conditions as described in our original paper, the fineness 
modulus for total solids will be essentially constant for any given set of 
aggregates, regardless of cement content, and the design of batches 
with varying cement contents simplied thereby. 
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RELATION OF PASTE STRUCTURE TO COMPRESSIVE STRENGTH 
The compressive strengths of mortars and concretes depend on many 
variable factors. The effects of some of the factors, particularly certain 
properties of the hardened paste, will be discussed in this section. 
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The ratio of increase in solid phase to available space 

At the time when fresh cement paste of normal properties first congeals, 
its final volume is established except for a relatively minute expansion 
in volume that occurs during subsequent hydration and the small volume 
changes that accompany drying and wetting. Therefore, the space 
available for the increase in volume of the solid phase is initially equal to 
the volume occupied by water. 

We may tentatively assume that the increase in strength that accom- 
panies an increase in extent of hydration is a function of the increase 
in the volume of the solid phase per unit of volume of initially water-filled 
space. In this connection it seems logical (though not essential) to con- 
sider the volume of the solid phase to be the sum of the volume of the 
solid matter and the volume of its associated voids, that is, to consider 
the bulk volume of the solid phase, rather than its absolute volume. 
(See Part 5.) 

As shown in Part 5, the increase in bulk volume of the solid phase 
is about 

0.860 (w, + 4Vm) 
w, is the weight of the water that has become a part of the solid phase and 
therefore represents the increase in absolute volume. 4V,, is the weight of 
the water required to fill the voids of the gel. 0.860 is the mean of the 
specific volumes of these two classes of water. Hence, 


increase in solid phase _ 0.860(wn + 4Vm) (1) 


original space available Wo 





where w, is the original water content after bleeding. 
For any given cement, V,,/w, is a constant (see Part 3). Hence, 
the solid-space ratio is, in general, 


X’ = 0.860 “" (1 + 4k).. (2) 
We 
or 
X’ = 0.860 Ho(! ! +t) Dee Pee ae 5 ede 5 (3) 
We k 


where X’ = ratio of increase in solid phase to original water content. 
It will be shown that compressive strength, f., is related to X’ by an 
empirical equation of the form 
f. I Mt Ss AT ne (4) 
where m is the slope of the empirical line and B, its intercept on the f, 
axis. 
Substitution for X’ from eq. (2) and (3) gives 
f. = M' Vn +B. Sores <n we 


Wo 





me Oa 


Comoress-ve 
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and 


where 


M’ = 0.860 (! tam 


The constants M’ and B can be evaluated by plotting observed values 
of f. versus V,,/w, or w,/w,. Such data for four different cements are 
given in Tables 6-1, 6-2, and 6-4* and are plotted in Fig. 6-1 and 6-2. 
The points represent mixes A, B, and C of Series 254-9 and the mixes 
used in Series 254-11, where they were the same as A and B of 254-9. 
The curing periods ranged from 7 days to about 1 year. 


The straight line drawn in Fig. 6-1 represents the relationship 


fi 120,000 Vm ee ; . (7) 


Wo 

It will be noted that the deviations of the individual points from this line 
seem to be random. That is, there is no indication that the points for any 
particular age or cement or mix can be distinguished by their positions 
with respect to the line. In view of the fact that V,,/w, (i.e., &) differs 
considerably among the four cements, it seems that strength is not much 
influenced by this ratio. If w, represents all the hydration products and 
Vm only the gel (material of high specific surface—see Part 3), this in- 
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Fig. 6-1 (left}—Relationship between compressive strength and V,,/w, for cements 
low in C,:A 
Data from Tables 6-1, 6-2, & 6-4, Series 254-8-9 & 11 


Fig, 6-2 (right)—Strength versus w,/w, for the same materials represented in Fig. 6-1 
Series 254-8-9 & 11 


*All Part 6 tables follow text pp. 858 to 864, 
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dicates that strength depends primarily on the gel and is therefore little 
influenced by differences in w, when V,,, is fixed. 

This point is illustrated further by Fig. 6-2, where f, is plotted against 
w,/w.. The straight line has the slope Mk where M = 120,000 and 
k = 0.285, the mean value of k for the four cements. That is, the equa- 


tion for the line is f, = 34,200 “* — 3600. Although the points scatter to 
We 


a similar degree, the scattering in Fig. 6-2 differs from that in lig. 6-1 
in that there is clear evidence of segregation of the triangles (representing 
cement 15011J) whereas in Fig. 6-1 the points are rather well mixed. 


The gel-space ratio 


It thus appears that the increase in strength is directly proportional 
to the increase in V,,/w, regardless of age, original water-cement, ratio, 
or identity of cement. Accordingly, it appears advisable to discard 
the assumption that strength is a function of the ratio of the total in- 
crease in solid phase to available space, in favor of the assumption that it 
is a function of the ratio of the volume of the gel to the original space 
available. We may call this the gel-space ratio. Thus, we may assume 
that 


yap (Oe RR (8) 
Wo 
where X = gel-space ratio 
8 = proportionality between V,, and the total volume of the 
gel. 
Substitution of eq. (8) into eq. (4) gives 
f. = Mun 4 SPT ; (9) 
Wo 
where M mB. Comparison of eq. (9), (6), and (4) shows that the 


above is merely a redefinition of the meaning of the slope of the line 
represented by eq. (4), the new definition taking into account the obser- 
vation that k need not be included. Iq. (7) is thus now defined as the 
relationship between strength and the gel-space ratio. 


Limitations of f, vs. V»./w, relationship 


Although the four cements represented in Fig. 6-1 differ considerably 
in C,S and C.S content, they are all similarly low in CyA. When cements 
of various C,A contents are included, the f, vs. Vm/w. relationship is 
found to be influenced by the C,A content of the cement, This is illus- 
trated in Fig. 6-3 and 6-4 (plotted from data of Tables 6-1 through 6-7), 
in which cements of various C,A contents, including the cements of Fig. 
6-1, are represented. Fig. 6-3 represents cements of low C,A content; 





he 
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Fig. 6-4, those of medium or high C;A content. In each diagram, the 
diagonal line represents eq. (7). 

In Fig. 6-4 it will be seen that the strengths developed by cements 
of medium or high C;A content were in general lower than would be 
computed from eq. (7). (Certain exceptions will be discussed below.) 
The conclusion follows that cements of different C,;A contents develop 
different strengths at the same value of V,,/w,, at least among those 
cements containing more than about 7 percent C3A (computed). 

Before further discussion of the relation between cement composi- 
tion and strength, it is necessary to consider some other factors. 

Effect of sand particles 

In lig. 6-3 and 6-4 three different series of tests are represented. Series 
254-9 comprised three mixes, A, B, and C, as described previously (see 
Appendix to Part 2). Mix A contained sand and cement only. Mixes 
B and © contained sand and pulverized silica of cement fineness, the 
amount of the silica being 33 percent and 73 percent of the weight of the 
cement, respectively. Series 254-11 comprised mortar mixes of the same 
proportions as mixes A and B of Series 254-9. The data from these two 
series are, therefore, directly comparable. On the other hand, the data 
from Series 254-13 (appearing in Fig. 6-3A, B and Fig. 6-4A, B, and 
D) represent specanens containing only cement and pulverized silica, 
the amount of silica being 71 percent of the weight of the cement. The 
question, therefore, arises as to whether the results from Series 254-13 
are comparable with those from the other two series. 

In this connection it is of interest to examine Fig. 6-4C, which repre- 
sents data obtained from mixes A, B, and C, and from neat cement. 
This is the only case where neat cement and mortar can be compared. 
Note that the strength of the neat cement at a given V,,/w, exceeds by a 
considerable margin that of the specimens containing sand (No. 4 maxi- 
mum size). The points appearing immediately below those representing 
neat cement are the ones representing mix A, which contained no pul- 
verized silica, and mix B, which did contain silica. The results indicate, 
therefore, that the introduction of sand lowered the strength. It is 
presumed that the decrease in strength resulting from the introduction 
of sand is due to the decrease in homogeneity with respect to elastic 
properties, and possibly to a modification of the mode of failure as 
described by ‘Terzaghi.* On this basis one would not expect the in- 
troduction of pulverized silica to affect the strength adversely, owing to 
the smallness of the silica grains. ‘Therefore, it would seem that neat 
cement specimens or specimens containing only pulverized silica as 
aggregate would not be directly comparable with specimens containing 
relatively coarse sand particles. 


*Hee references at end of text, Part 6, 
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Fig. 6-3—Strength versus gel-space ratio 
Data from Tables 6-1, 6-2, 6-3, 6-4 and 6-7 
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However, the trend of the neat-cement points is such as to suggest 
that the strength of the neat cement and mortar would be equal at about 
Vn/w. = 0.10. It happens that most of the points representing the 
cement-silica specimens of Series 254-13 fall near this point or lower on 
the V,,/w. scale. Also, it may be observed that the strengths of these 
cement-silica specimens were about the same as or lower than the strengths 
obtained from the mortar specimens having equal values of V,,/w,. It 
thus appears that, at least within the range of gel-space ratios that 
embraces the results from Series 254-13, the introduction of sand had 
little or no effect on strength and therefore that the mortars and cement- 
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(Series 254-13 cement-silica pastes 


silica pastes can be compared directly in this instance. As brought out 
before, this indication is supported by the trend of the neat cement 
points appearing in Fig. 6-4C. 
Influence of gypsum content of cement 

The data from Series 254-13 offer a clue as to the cause of the relatively 
low strengths at a given V,,/w. produced by the high C;A cements. These 
data are given in Table 6-7 and are plotted in Fig. 6-3 and 6-4, as men- 
tioned above, In this series, four cements were prepared from each of 
five different clinkers. The SO; content in each group of four cements 
ranged from 1.5 to 3.5 percent. Cement-silica cubes were made and 
tested after 28 days of water curing. 











852 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE March 1947 


Note first the diagrams for the cements prepared from clinkers 15498, 
15699, and 15367 in Fig. 6-4—medium or medium-high C;A cements, 
In each case, increasing the gypsum content increased the strength to a 
value equal to or slightly greater than the mean of the low C,A cements as 
represented by eq. (7) (that is, by the diagonal line). 

As remarked above, it is somewhat questionable whether the data 
of Series 254-13 are comparable with eq. (7). Hence, the indications 
of the data must be taken with some reservation. However, it may 
tentatively be concluded that the relatively low strengths, at a given 
Vin/Wo, of cements of the type noted above can be increased and brought 
into line with the strengths of low C,;A cements by appropriate increases 
in gypsum content. 

This conclusion was reached first by Lerch® in an investigation 
carried on parallel with this one. By means of calorimeter measurements 
of the rates of reaction and of strength and shrinkage tests, he found 
that the relatively low strength of high C;A cements was associated 
with a premature depletion of gypsum during the early stages of hard- 
ening. Maximum strengths were produced when the gypsum content 
was so adjusted that the dissolved gypsum did not become depleted 
during the first 24 hours. Marked reductions in drying shrinkage also 
resulted from such an adjustment in gypsum content. Lerch’s results 
have been confirmed in some respects by Whittaker and Wessels. 

It should be noted particularly that increasing the gypsum content 
of cements prepared from clinkers 15498 and 15367 increased the strength 
and at the same time reduced the ratio V,/w,. Since w, was substantially 
the same for the different cements of a given group, this indicates that 
the reduction in the gel-space ratio was due to a reduction in the amount 
of gel. Thus we have a reduction in gel associated with an increase in 
strength whereas the normal effect would appear to be a reduction in 
strength. This apparent anomaly cannot yet be explained with assur- 
ance. However, it appears that the observed increase accompanying 
the decrease in gel content could be the result either of a change in the 
composition of the gel or of a reduction of the proportion of a gel having 
little intrinsic strength. Lerch® has pointed out that gypsum combines 
with C,A to form calcium sulfoaluminate, most of the reaction taking 
place during the first few hours. Therefore, if the hydrate of C,A is 
colloidal, as other evidence indicates, and if calcium sulfoaluminate is 
microcrystalline, the greater the amount of sulfoaluminate produced, 
the smaller V,, should be. With the type of cement considered here, 
the CA content is in excess of the gypsum on a combining-weight 
basis, and therefore the amount of calcium sulfoaluminate depends on 
the proportion of gypsum. 
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Hence, it appears that with medium- and high-C;A cements, an 
increase in gypsum content reduces the ultimate amount of colloidal 
hydration product of C,A. If this product is a hydrous calcium aluminate 
gel, it might have a weakening effect on the paste through an intrinsic 
weakness of such a gel. Another possibility is that the C,;A that does not 
react with gypsum becomes a constituent of a complex aluminosilicate 
gel. Presumably, it has a weakening effect on the gel. 

The explanation given above is compatible with the results obtained 
from one of the low-C;A cements but is possibly not in accord with the 
results from the other. As shown in Fig. 6-3, increasing the gypsum 
content of the low-C;A cements prepared from clinker 15623 had little 
effect on either strength or gel-space ratio. This result is in accord with 
the above explanation. But with the cements prepared from clinker 
15670, very low in C;A, increasing the gypsum content greatly increased 
the gel content and slightly reduced the strength. This result is def- 
initely not explained above. It might be that in this high-silica, low- 
RO; type of cement, the gypsum produces a colloidal hydrate, or causes 
some normally non-colloidal product to appear in the colloidal state. 
In either event the new colloidal product would have to be such as to 
have little effect on strength; that is, it would have no strength of its 
own and have no effect on the strength of the gel formed from other 
compounds. ‘This matter will probably not be satisfactorily explained 
until new information on the constitution of hydration products is 
available. 

Whatever the correct explanation may be, it is apparent that the 
strength of hardened paste depends on its chemical constitution as well as 
its gel-space ratio. This is substantially the same conclusion reached 
earlier by Bogue and Lerch. 


Effect of steam curing 

The experiment with a steam-cured paste made of cement and pul- 
verized silica was described in Part 2 and Part 3. No strength tests 
were made on this material, but the effects of the steam treatment can be 
estimated from the data published by Menzel.“ ‘These data show that 
steam-cured mixtures of cement and pulverized silica were as strong 
as or stronger than companion specimens cured normally, The adsorp- 
tion data mentioned above indicate that the gel content of steam-cured 
material is not over 5 percent of that of the specimen normally cured for 
28 days. ‘This seems to be a clear demonstration that the gel-space 
ratio is not the controlling factor when curing temperature and pressure 
are variable. At least, it proves that the relation of f, to V»/w, found for 
specimens cured at one temperature and pressure will not hold at another 
widely different temperature and pressure. 
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Menzel’s data indicate that among specimens cured at different 
temperatures ranging from 70 to 350 F, the properties of the specimens 
show no differences that are disproportionate to the difference in curing 
temperature. This is particularly well illustrated by the data on shrink- 
age. The plot of total shrinkage at 35 percent relative humidity vs. 
temperature of curing, results in a smooth curve having a negative slope 
that diminishes slowly and rather steadily with increase in temperature. 
(See Menzel’s Fig. 8.) Likewise, the initial rate of water-loss increases 
progressively as the curing temperature increases. From this we con- 
clude that the f.-vs.-Vm/w. relationship must change progressively as 
the temperature of curing is increased above normal. Presumably, it 
would change also if the temperature were lowered. 


DISCUSSION AND SUMMARY 


Werner and Giertz-Hedstrém“ found that strength could be expressed 
as a function of the volume of solid phase per unit volume of hardened 
paste. The solid phase was defined as the volume of the original cement 
plus the water that is not evaporable in the presence of concentrated 
HSO,. The plotted data of Werner and Giertz-Hedstrém (see their 
Fig. 9) showed that the increase in strength was approximately pro- 
portional to the increase in the volume of the solid phase over the initial 
volume in the fresh paste. Thus, the relationship found was virtually 
the same as that shown in Fig. 6-2 of this paper. 


Lea and Jones found a fairly good relationsh'p between fixed water 
per unit of original cement and strength. The fixed water was determined 
on neat pastes, w/c = 0.25, and the strengths on 1:2:4 concrete cubes. 
Since w,/c of the concrete was a constant, a measure of the extent of 
hydration would also be virtually equivalent to our w,/w.. However, 
since the extent of hydration was estimated from companion specimens 
of much lower w,/c, the shape of the curve obtained was no doubt in- 
fluenced by the difference between the rate of hydration of the neat 
cement and that of the same cement in concrete. 

Giertz-Hedstrém“ concluded from these experiments and those of 
several other investigators that “it is thus possible as a first approxi- 
mation to regard strength as a function of the degree of hydration and 
independent of the kind of cement.” However, he goes on to say, 
“. . .. this can obviously not be the whole truth, as emerges for in- 
stance from the spreading of test values.’”’ He points out also that tests 
by Bogue and Lerch on pastes made of pure C;S and C2S “indicate that 
the silicate gel, which is the sole cause of the hardening of dicalcium 
silicate, is also chiefly responsible for the hardening of tricalcium silicate, 
but is to a certain extent helped here by calcium hydroxide.”’ However, 
the data of Bogue and Lerch are of doubtful significance with respect 
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to this particular question. The original water-cement ratios of the 
pastes were not equal and therefore a measure of the extent of hydra- 
tion alone was not an adequate description of the concentration of the 
hydration products in the space available to them. 


Freyssinet® introduced two factors that he regarded as measures 
of important physical properties of hardened paste. These are: 
(1) The “concentration of the cement,’ defined as: 


volume of hydrated cement : 
volume of hydrated cement + volume of non-combined water’ 





(2) The total area of the interstitial surfaces per unit volume of 
paste. 


It will be seen that (1) represents the concept on which Giertz-Hedstrém 
based his analysis and that (2) is similar to the gel-space ratio as used . 
by the authors. 

Any attempt to express the strength of concrete or mortar as a func- 
tion of only one independent variable is certain to meet with but limited 
success, at best, for the 1eason that more than one independent variable 
is involved. We have seen that in some combinations of paste and sand, 
the sand lowers the strength below that of the strength of pure paste of 
the same composition. Another factor influencing the strength of 
mortars and concretes is the existence of minute fissures under the aggre- 
gate particles, especially the larger particles. These fissures are the 
result of unequal settlement of paste and aggregate during the plastic 
state.(1°112) They occur to different degrees with different materials 
and proportions. 


Another factor influencing strength is the air content, the higher the 
air content the lower the strength, other factors being equal. Weymouth* 
found that among plastic mixes the air content of fresh concrete depends 
on the water content and sand-cement ratio. He found also that the air 
content is approximately constant in different mixes of the same materials 
if the slump is constant. Therefore, variations in consistency of the 
fresh concrete will result in variations in strength of the hardened con- 
crete (when other factors are equal) because of the corresponding varia- 
tions in air content. The effect of air introduced by air-entraining 
agents is now well known.“ 

Also, although pertinent data are lacking, we may surmise that the 
strengths of adhesion between the hardened paste and the aggregate 
differ among concretes made with aggregates of different mineral com- 
position. This will account for differences in strength, especially tensile 
strength. 
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All these independent factors influencing strength are secondary 
to the strength of the paste. Nevertheless, they cannot be ignored either 
in theoretical studies or construction practice. In the tests described 
in the foregoing pages most of these factors were absent, or were kept as 
near constant as possible. Consequently, the results depended mainly 
on the properties of the hardened paste. However, the problem of 
evaluating the factors influencing the strength of the paste is not much 
less complicated than that of the concrete as a whole. The degree of 
success achieved in this direction is indicated by the following summary 
of the results described in the foregoing pages. 


(1) The strength of 2-in. mortar cubes made with cements of nor- 
mal gypsum content and low C;A content (less than about 7 or 8 
percent) cured continuously wet at about 73 F conformed (within 
+ 10 percent) to the following relationship, regardless of differences 
in age or original water-cement ratio: 
Compressive strength of 2-in. cubes, psi = 120,000 Vm _ 3600. 

Wo 
(2) Under the same curing conditions, mortar cubes made with 
cement of medium or high C;A contents, containing the normal 
amount of gypsum, produced strengths that are too low to conform 
with the above equation. 
(3) Some cements of medium or high C;A content could be brought 
into conformity with the above equation by increasing the gypsum 
content, the required increase differing among different cements. 
Increasing the gypsum content of such cements reduced the gel 
content of the hardened paste. 
(4) The tests indicated that with cements low in C;A both the 
gel-space ratio and the strength may be unaffected by an increase 
in gypsum content, or the strength may remain unaffected while 
the gel-space ratio is increased. In the last-mentioned case, the 
results were not in conformity with the equation. 
(5) The relationship between strength and V,,/w, given in the 
above equation did not apply to specimens cured at temperatures 
other than about 73 F. 
(6) In general, strength could be expressed as a function of the 
volume of the hydration products and the space originally available 
for them, only when factors such as cement composition and curing 
conditions were not available. 


When cements of ordinary C;A content are compared, the findings 
given above show that the strength at a given V,,/w, is highest for the 
low-C;A cements. It should be noted that this observation does not 
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pertain to the rate of hydration or the rate of strength development. 
Cements high in C;A usually hydrate more rapidly and develop higher 
early strengths than those low in C;A. The conclusion mentioned means 
that when two pastes of the same original water-cement ratio reach 
the same degree of hydration, as indicated by their gel-space ratios, the 
cement having the lower C;A content will probably have the higher 
strength. 
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TABLE 6-1—STRENGTHS AND GEL-SPACE RATIOS FOR SERIES 254-11 






























































Ref. Strength | 
No. Mix Wo/C Age, /2-in. cubes,| wn,/c Vu/e Wn/Wo | Vm/Wo 
(S-254) days psi 
Cement 15758; clinker 15498; Vin/w, = 0.248 3 
11-1 A 334 28 11760 171 043 | 512 129 
90 11660 .191 .047 572 141 
11-2 B .460 28 8320 196 .050 | .426 .109 
90 8810 223 054 | 485 117 
Cement 15756; clinker 15623; Vn/wa = 0.271 
11-3 A .318 28 9750 | .123 | .034 | .387 | .107 
; 90 13010 149 043 468 | .135 
11-4 B 446 28 6830 .132 035 | .296 | .078 
90 9010 168 045 | .377 | 101 
Cement 15763; clinker 15670; Vn/wn = 0.295 
11-5 A 324 28 7170 .092 028 | .284 | .086 
90 12420 134 041 414 .126 
11-6 B 437 28 4610 101 031 .231 | .071 
90 8990 149 045 341 | .103 
Cement 15761; clinker 15699; Vn/wn = 0.262 
11-7 A .334 28 8660 .162 041 | 485 | .123 
90 9200 .180 .048 .539 | .144 
11-8 B .468 28 6850 .185 049 | .395 105 
90 7620 212 | .055 | .453 | .118 
Cement 15754; clinker 15367; Vm/wn = 0.258 
11-9 .328 28 11820 | .170 044 518 134 
90 13460 195 047 594 143 
11-10 B 449 28 7970 197 050 439 | 111 
90 9110 | .230 | .057 512 | .127 
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TABLE 6-2—STRENGTHS AND GEL-SPACE RATIOS FOR CEMENT 14930jJ— 
SERIES 254-9 


Vm/Wn = 0.304 





















































Ref. | | Strength | 
No. w/c } Age, | 2-in. cubes, Wn/e | Vm/c | Wn/We | Vm/We 
(8-254) | days | psi 

— |_—_—___— ———E — | ——______ ee —— we — 
Mix A 

9-1 .309 7 | 4950 | .080 | 021 | .259 | .068 

14 | 7960 | .099 | .027 | .320 | .088 

28 | 10280 | .107 | .034 | .346 | .110 

| 56 | 12970 | .129 | .043 | .417 | .139 

| 90 | 14210 | .150 | .046 | .485 | .149 

190 | 15410 | .162 | .050 | .524 | .162 

s1 | .311 447 | «(17260 | -181 | 053 | -582 | :170 
Mix B 

———— — a _ ———-- — | ——_—__ —_ - — —_—___—_ — 

9-2 424 | 7 | 2580 | .080 | .021 | .189 | .050 

| 14 | 4320 | .103 | .028 243 | .066 

| | 23 | 6930 | .116 | .037 | .274 | .087 

56 9860 135 | .049 | .318 | .116 

| | 90 | 11180 | 174 | .053 410 | .125 

| | 180 | 12310 185 | .059 | .436 .139 

82 | .443 | 362 | 11910 | .201 | .062 | .452 | .140 
Mix C 

9-3 .573 7 | 1230 | .082 | .022 | .143 | .038 

14 2140 | .090 | .028 | .157 | .049 

23 | 3940 121 | .043 | .211 | .075 

56 | 6200 164 | .049 | .286 | .086 

90 7580 185 | .055 | .322 | .096 

180 | 8280 201 | .056 | .350 | .098 

8-3 595 362 | 7940 210 | .066 | .353 | .111 
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TABLE 6-3—STRENGTHS AND GEL-SPACE RATIOS FOR CEMENT 15007jJ— 
SERIES 254-9 
Vm/Wn = 0.272 



































Ref. Strength 
No. w,/c Age, 2-in. cubes, w/e | Vm/e | Wn/We | Vm/Wo 
(8-254) days psi 
Mix A 
9-4 316 7 9660 126 036 | .399 | .114 
14 11830 140 041 .443 | .130 
28 12810 154 042 | .488 | .133 
56 15310 168 047 .5382 | .149 
90 15600 173 048 | .548 | (152 
180 16780 184 048 583 152 
8-28 344 479 14970 198 | .064 | .576 | 186 
Mix B 
9-5 433 7 6380 .133 036 .307 | .083 
14 8080 150 042 346 | .097 
28 9400 171 045 395 104 
56 11080 185 049 427 113 
90 11600 192 056 443 129 
180 12150 202 055 467 127 
8-29 464 440 11120 217 .058 | .468 125 
Mix C 
9-6 .570 7 4060 156 .037 | .274 | .065 
14 5000 163 042 | 286 074 
28 6280 184 050 323 088 
56 7070 204 053 | .358 | .093 
90 7840 205 .056 | .360 | .098 
180 8540 213 060 | .374 105 
8-30 | .595 479 7780 "232 | ‘060 | [390 | ‘iol 
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TABLE 6-4—STRENGTHS AND GEL-SPACE RATIOS FOR CEMENT 15011J— 
SERIES 254-9 


V./u ().272 
Ref. Strength 
No. w, /¢ Age, 2-in. cubes, w,/C Vn/C W,/ We V m/Woe 
(S-254) days psi 
Mix A 
7 316 F | S050 114 033 361 104 
14 10400 133 036 121 114 
28 12100 143 045 53. | .142 
56 3750 156 046 494 146 
Op 14180 164 043 519 136 
180 15020 .170 045 538 142 
§-40 319 178 15020 184 O51 576 160 
Mix B 
| | 
Y-8 132 7 5550 123 037 285 | O86 
14 7140 .153 O38 354 | O88 
28 S000 165 045 382 .104 
56 9500 .178 047 412 | .109 
() 10720 191 O51 142 118 
180 11020 LO9 056 161 .130 
& 41 142 368 11500 210 O58 175 131 
Mix © 
9-9 582 7 3720 131 034 225 O58 
14 1820 157 | .039 270 067 
28 6320 176 047 302 O81 
56 ISSO 195 O54 335 093 
‘) TRO 205 O56 352 O06 


ISO 7970 214 O57 368 OOS 
& 42 595 368 8440 222 062 373 104 
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TABLE 6-5—STRENGTHS AND GEL-SPACE RATIOS FOR CEMENT 15013jJ— 
SERIES 254-9 


Ref. 


No. | 
(S-254) | 


9-10 


8-46 


9-11 


8-48 


| 


.599 | 


56 
90 
180 
333 


‘m/Wn = 0.244 


Strength 
2-in. cubes, 


psi 
Mix 


6620 
7960 
8780 
9680 
10610 
11020 
10820 


Mix 
1010 
1940 
6120 
6740 
7600 
8060 
9040 


Mix 


2250 
2750 
3480 
4180 
4280 
$520 
5210 


A 


156 
.183 
.177 
. 208 
215 
. 236 


241 


036 
039 
043 
046 
047 
051 


052 


.037 
042 
.048 
.053 

057 
.058 
058 


033 
040 
046 
055 
058 
059 
O57 


. 259 
. 299 
332 
362 
386 
.401 


.422 


——._ .- 7. 7 


— 


oof, Ste 
“IQorNma-- 


.084 
095 
.108 
. 120 
.129 
.131 
. 128 


.054 
.065 
075 


090 
095 
096 
095 
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TABLE 6-6—STRENGTHS AND GEL-SPACE RATIOS FOR CEMENT 15365— 
SERIES 254-9 


Vn/Wn = 0.254 


Ref. | Strength | 
No. Wo/c | Age, | 2-in. cubes, Wr/C Vin/C Wn/Wo Vin/We 
(S-254) days psi 


Neat cement 


9-15A 244 7 14440 


115 | .028 | .471 | .115 
14 14640 126 | .030 515 .123 
28 17600 136 .032 | .556 131 
56 17960 140 | .034 573 | .189 
90 20000 145 | .034 594 | .139 
180 20500 155 036 635 148 
Mix A 
9-13 .319 7 8380 133 034 | .417 107 
14 10380 152 | .037 | .476 116 
28 | 11550 .149 | .044 | .467 | .138 
56 =| £1800 | 179 | .047 | .561 | .147 
90 | 12170 | .179 .048 .561 . 150 
180 12760 182 046 | .571 144 
Mix B 
9-14 439 7 5340 | .139 | .0384 | .316 | .078 
14 7170 | .171 | .043 | .390 | .098 
28 8480 | .184 | 054 | .419 | "193 
56 | 9400 | .210 | .055 478 | .125 
90 9870 | .215 | .056 | .490 | .128 
180 9940 | 222 | .060 | .505 137 
Mix C 
9-15 | .587 7 3220 | .153 | .037 | .260 | .063 
14 4670 .186 | .045 | .317 | .077 
28 5680 .210 055 | .358 | .094 
56 6280 | .221 .057 | .376 .097 
| 90 6320 | .230 .062 | .392 | 106 


180 | 6720 | .255 060 | .435 . 102 
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TABLE 6-7—STRENGTHS AND GEL-SPACE RATIOS WITH THE AMOUNT OF 
GYPSUM IN THE CEMENT AS A VARIABLE—SERIES 254-13 


Cement-silica pastes 


SO, 28-day 
Ref. cont. of strength Ww, /¢ PE Wy, /We V m/We 
No. | w/c cement, 2-in. cubes, 
(8-254) | percent psi 


Cements made from clinker 15367 





13-1 193 1.5 6970 215 O59 35 | 120 
13-1B .486 1.5 6640 212 O58 136 119 
13-2 .493 1.9 7630 211 056 | 128 113 
13-2B .488 1.9 6870 216 058 .442 119 
13-3 .489 2.4 8090 208 054 125 110 
13-3B .488 2.4 7610 215 055 141 113 
13-4 WI 3.5 8240 104 048 395 OOS 
13-4B 192 3.5 8250 204 050 114 102 
Cements made from clinker 15623 
; p 
13-5 170 1.5 7530 152 088 323 O81] fl 
13-6 174 2.0 7440 151 038 319 OO | 
13 173 2.5 7440 152 038 321 O80 £ 
13-8 180) 3.5 7000 144 038 300 O79 V 
Cements made from clinker 15699 iF 
13-9 498 1.5 7510 199 | .053 100 106 D 
13-10 499 2.0 8160 194 O52 389 104 
13-11] 499 2.5 7860 192 049 385 QOS 
13-12 108 3.5 7530 184 046 369 QO2 Yr 
Cements made from clinker 15498 
13-13 .488 1.5 $120 | 208 .053 126 109 
s-4 0 | CO 487 2.0 8120 199 050 109 102 W 
13-15 .493 2.5 8550 200 049 105 Oug 
13-16 191 3.5 8710 190 047 387 096 
Cements made from clinker 15670 
13-17 | 476. | 1.5 1240 111 031 233 065 
13-18 AT9 | 2.0 4440 118 O34 246 071 
13-19 483 2.5 1070 184 048 380 OSD 
13 3 31 103 


3-20 486 5 3800 | .200 050 
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PERMEABILITY OF HARDENED PORTLAND CEMENT PASTE 


The following discussion deals with the relationship between the 
physical properties of hardened paste and the rate at which water may 
flow through a saturated specimen of paste under a given pressure 
gradient. In view of the results published by Ruettgers, Vidal, and 
Wing,’? we may assume that such flow takes place in accord with 
Darcy’s law. 


Darcy's law 
Darcy’s law for low-velocity flow, first found empirically from experi- 
ments with flow through beds of sand, may be written 


dq \ - Ah 
—_ K, eae cornea nes aa ee a 
dt A L 
where 
de , 
i rate of volume efflux, ce per sec, 
dt 
A area of the porous medium, sq em, 
Ah drop in hydraulic head across the thickness of the medium, cm, 
L = thickness of the medium, em, and 
K, a constant depending on the properties of the porous medium 


and the kinematic viscosity of the fluid, em per sec. 

K, of eq. (1) depends on both the properties of the medium and of 
the fluid. Thus, K, represents the permeability of a porous medium to a 
specified fluid at a specified temperature. The following, more general 
expression is preferred : 


SEs nicely 


ail nasi 
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re 4 Rg SEEM RP at rn esneeees des stnrir cee ce sei (2) 
in which 
n = viscosity of fluid, poises, dyne-sec per sq cm, 
AP’ = pressure drop across the medium, dynes per sq cm, and 
Ke = coefficient of permeability, sq cm. 
In terms of hydraulic gradient rather than pressure differential 
|. (3) 
dt A 7 L 
where d; = density of the fluid, g per cc, and 
g = acceleration due to gravity, cm per sec per sec. 


As Muskat®) has pointed out, the coefficient of permeability, Kg, 
is a constant determined by the characteristics of the medium in question 
and is entirely independent of the nature of the fluid. 


Permeability equation for hardened paste 


In the following discussion, the theoretical coefficient of permeability 
of hardened paste will be evaluated analytically from the original cement 
content, the non-evaporable water content, and V,, (see Part 3). This is 
accomplished by means of the following relationship found theoretically 
by Kozeny and verified experimentally on beds of granules by Car- 
man :{4) 


Ke a er ea, os ac 'bln Sa ue wk bed ea vea (4) 
where k = a dimensionless constant, 

é = ratio of pore volume to total volume, and 

m = hydraulic radius. 


For the derivation of this equation reference should be made to the 
original articles by Kozeny and especially those by Carman. The 
equation rests on the assumption that the particles composing the bed 
have a completely random packing, and on the use of hydraulic radius in 
Poiseuille’s equation for capillary flow. The hydraulic radius is 


void-volume € 
= = at eee tTerriair:. o (5) 


surface area of void-boundaries S 





Hence 


Various experiments of Carman and those of Fowler and Hertel show 
that k = 0.2 can be assumed for a wide variety of media. 

Applied to beds of relatively large particles, eq. (6), with k = 0.2, 
was found by Carman to be a satisfactory basis for predicting permea- 
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bility from the total porosity of the bed and the specific surface of the 
particles. Applied to certain fine-textured media, the equation was 
found to give permeability coefficients that were much too high if the 
total porosity was used for «. Carman found such to be the case for 
beds of clay.“ By assuming that a certain amount of the interparticle 
space was not effective in transmitting water, Carman was able to obtain 
agreement between the theoretical and experimental results. Powers‘ 
and Steinour™ adapted the Kozeny equation (eq. (4)) to the rate of 
bleeding of portland cement paste and found that a similar modification 
was necessary. These different experiments show that for certain fine- 
textured media, 


RE EE OE 6k Fav liiern ka ins ke BER ch ee (7) 
where « = total porosity, 
«. = effective porosity, and 
a = amount of immobile fluid per unit volume of solids in the 
medium. 


Steinour’ found that for fluid flow through concentrated suspensions 

of particles, a depended on 

(1) the amount of fluid chemically or physically combined with the 

particle surfaces, 

(2) the angularity of the particles, and 

(3) the presence or absence of flocculation of the particles. 
In a solid porous medium such as hardened paste, item (1) would be the 
amount of fluid attached to the pore walls, item (2), the irregularity 
of the wall surfaces, and item (3), the variations in cross-sectional area 
along the conduits through the medium. 


For cement pastes, the total porosity, e, may be taken as being equal 
to the volume of the total evaporable water. According to eq. (7), the 
effective porosity, ¢,, should be smaller than the total by some quantity 
proportional to (1 — e), the volume of the solid phase. However, the 
effect of the three items mentioned above can be taken care of ade- 
quately enough for the present purpose by assuming that the amount of 
water in a saturated paste that remains immobile is proportional to the 
total surface area, regardless of the cause of its immobility. Thus, since 
the total surface area is proportional to Vn, 


Sy Os A hk ve As 0A Keds Can ele kb taesc enue (8) 


where w, = total evaporable water in cc per cc of hardened paste. 
Let we/Vm = N. Then 


The total surface area in the paste is 


<n ween . Se 
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Ge OL sn cais Cave eae d ewe cec en's (10) 

(See Part 3.) 
Using ¢, for e and substituting from eq. (9) and (10) into eq. (6) gives 
OIE SE A Se ee (11)* 


(35.7 X 10°)? 
(In the above equations V,, is in g per cc of paste.) Since, 
k = 0.2 (Carman), 
eq. (11) may be written 
) am Ge eee VL = B)® ....>................ (12) 


Eq. (12) gives the coefficient of permeability in terms of three factors 
that are constant for a given sample. V,, and N are measurable. How- 
ever, k, is unknown and cannot be evaluated without further permea- 
bility tests. 


Comparison with data of Ruettgers, Vidal, and Wing 

No experimental data are available for checking eq. (12) quantita- 
tively. However, Ruettgers, Vidal, and Wing“ published the results of 
permeability tests on neat cement made with a special cement resembling 
the present A.S8.T.M. Type II, except that it was considerably coarser 
than present-day cements (15 percent retained on No. 200). From their 
plotted results, the coefficients of permeability for neat cement cured 60 
days were estimated to be as shown in the last column of Table 7-1. 

Before comparing the results of the tests and the computations the 
basis of the computations must be explained. To compute the permea- 
bility of the specimens tested by Ruettgers, Vidal, and Wing, V,, and the 
total evaporable water for the saturated state must be known and a 
value for k; must be assumed. However, only the nominal water-cement 
ratio, the composition of the cement, and the heat of hydration of the 
cement were available. The cement content was estimated from the 
nominal water-cement ratio. w,/c was computed from the relationship 

heat of hydration = 525 w,/c (see Part 4) 

and found to be about 0.15. From the composition of the cement and 
eq. (4) of Part 3, V» was estimated at 0.256 w,. 

Ruettgers, Vidal, and Wing gave their results in terms of K, of eq. 
(1), in ft. per sec, whereas eq. (12) is in terms of Kz of eq. (3). A com- 
parison of eq. (1) and (3) shows that 


K, = A244. 


7 


*It may be noted that, in deriving eq. (11) from eq. (6), the total surface in contact with the flowing water 
is presumed to be equal to the surface area of the solid phase as measured by water-vapor adsorption. 
This is exactly correct if the only immobile water is the first adsorbed layer and if the surface area of the 
first adsorbed layer is equal to the surface area of the solid phase. At present there is no way to check the 
validity of the final equation, except crudely by the reasonableness of the results obtained. 
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For water, d; = 1, » = 0.01, and g = 980 may be assumed. Hence, 
Ky, in em per sec = 98000 Ko, 
or 
K,, in ft. per sec = 3220 Ko. 
Therefore, from eq. (12) 
K, = 50 X 10°" V,, (N — k,)* ft. per sec... ....0..... (13) 
To be strictly consistent, we would have converted the weights of the 
total evaporable water to volumes. However, such a refinement seemed 
unnecessary in view of other uncertainties. Therefore, the estimated 
weights in grams per unit volume of paste were used. 

To k,, the immobile-water factor, no value could be assigned from 
known or estimated values of physical composition. Four values were 
tried, as shown in Table 7-1. The assumption k; = 1.0 amounts to 
assuming that only the first adsorbed layer is immobile. The assumption 
that k, is greater than 1 is, of course, that the immobile liquid is more 
than the amount in the first adsorbed layer. 

In Table 7-1 the first indication to be noted is that the computed 
values are less than the experimental] values in all cases. Only for the 
paste of lowest water-cement ratio do the two values approach equality 
and then only when k, is given its minimum value. Even here, the 
apparent agreement may be fortuitous because the experimental value 
given was obtained by an uncertain extrapolation. ‘The second point 
is that the observed permeabilities increase with increase in w/c much 
faster than the computed values. Had the computation been based 
on net rather than nominal w/c, the divergence at high w/c would 
have been even greater. Possibly the lack of agreement and the diver- 
gence just noted are the result of some fault in the theory on which the 
computations are based, but it cannot be accepted as proof of such faults. 
There is good reason to believe, as shown in the following paragraph, 
that the discrepancies between observed and computed values can be 
accounted for on the basis of decreases in the degree of homogeneity of 
test specimens accompanying increases in w/c. 

Both Powers and Steinour®? found from studies of fresh paste 
made of water and normal portland cement that for w/c’s up to about 
0.5 by weight, the flocculated cement particles formed a continuous 
structure having a permeability that could be computed from a modifica- 
tion of the basic Kozeny equation (eq. (4)). At such water ratios, the 
mass of paste constitutes one continuous floc, and the permeability of 
the mass as a whole depends on the floc texture. At very high dilution 
the particles form flocs that are more or less independent of each other. 
The permeability of such a mass is not determined by the floc texture, 
but largely by the size of the individual flocs and their concentration. 





W 
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In an intermediate range of w/c’s, the fresh paste exhibits some of the 
qualities of both extremes. The permeability is determined in part by 
floc texture and in part by channels that develop in the flocculated mass. 
This condition is denoted by the appearance of localized channels dur- 
ing the bleeding period. In either the intermediate or the high range of 
w/c’s, the effective size and number of the conduits through the mass of 
particles cannot be computed from the composition of the mass as a 
whole, because such masses do not have the homogeneity assumed in 
the computation. 

The homogeneity of a fresh paste, or the lack of it, probably persists 
in some degree after the paste hardens. Hence, it is probable that for 
hardened pastes having w/c’s greater than 0.6, or thereabouts,* the 
permeability of a test disk is determined not only by the permeability 
of the hardened paste, but also by vertical channels that represent dis- 
continuities in the paste—the discontinuities that developed during the 
bleeding period. In the neat cement disks in question, such channels 
would extend from the top surface well into the interior and thus greatly 
increase the permeability of the disk as a whole. The higher the original 
w/c above the minimum at which channels develop, the greater the num- 
ber and size of such by-passes around the relatively dense, homogeneous 
material composing the bulk of the hardened paste. 

It is probable that even if channeling did not occur, eq. (13) would 
not correctly represent the permeability of hardened pastes of all de- 
grees of porosity. This may be inferred from Fig. 5-11 of Part 5. From 
this figure we may recall the earlier conclusion that saturated, hardened 
cement pastes may coatain only the gel water, or they may contain 
both gel water and capillary water, depending on the original water- 
cement ratio and the extent of hydration. Capillary water is absent 
when the total evaporable water is equal to 4V,,._ It is possible that the 
permeability of a given paste depends on the permeability of the gel 
itself and on the size and number of the capillaries outside the gel. 
The hydraulic radius of these capillaries would be 


We — 4Vm Vimn(N — 4) 
S. S. R 
where 
S,. = superficial area of the gel, and 
N = w,/V.,. 


S,is not known. It is probably much smaller than the total surface area 
of the solid phase as indicated by Vm. If so, the permeability of the 
capillary space would be of a higher order than that of the gel itself 
when w, is greater than 4V,,. 


*The limiting water ratio depends on the characteristics of the cement, particularly its specific surface, 
and on the character and amount of subsieve aggregate. Air-entraining agents tend to raise the limit. 
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The discrepancies between computed and observed values of K, 
seen in Table 7-1 are in accord with the considerations expressed above, 
That is, it appears that the permeability of pastes of relatively high 
w/c is probably determined in major degree by the by-passes around the 
hydration products, or in other words, by residues of the original water- 
filled space not filled by gel or other hydration products; but in pastes 
of low w/c, well cured, the permeability of the paste as a whole is fixed 
mainly by the permeability of the gel and the amount of gel per unit 
volume of paste. 


Theoretical minimum permeability 
For rich pastes the minimum permeability attainable can be estimated 
from eq. (13) on the assumption that the equation is valid at least for 
pastes in which w, = 4V,,. The composition of such pastes may be 
expressed as follows: 
CVe + Wan + Wydy is 
where 
c 


il 


original cement, g per cc of paste, 

w, = non-evaporable water, g per ce of paste, 
w, = gel water, g per cc of paste, and 

Vey Vn, and vy = the respective specific volumes. 


H] 


On the basis of data given in Part 5, let 
w, = 3.9V,, 
w, = 4V,, 
v, = 0.82, and 
v, = 0.90. 


Then 
Vm = O.147(1 Ts ab a | .. (14) 
Hence, noting that N = 4, we obtain from eq. (13), 
K, 50 & 10°'* & 0.14701 Cv.) (4 ky) 
7.4% 10°41 cv.) (4 Bad'soe (15) 
Iq. (15) shows that K, can be zero when cov, 1 or when k, 4. The 
condition that cv, 1 means that the paste is a voidless mass of un- 


hydrated cement. (As shown in Part 5, cv, as high as 0.72 can be pro- 
duced by molding the paste under high pressure. Normally, it is near 
0.50.) Hence, the cv, term cannot make K, zero. Constant hk, has a 
minimum value of 1. Its maximum value is not known but it is not 
likely that it can be as great as 4 since this would mean that all the 
water in such pastes is held immobile by the solid surface. It seems more 
likely that only the first layer could be wholly immobile and hence that 
hardened paste cannot be absolutely impermeable. If this is assumed, 
the minimum permeability would be of the order of 10°'* to LO-' ft. per 
sec. 
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These estimates indicate that well cured, neat paste of low w/c is 
practically impermeable. (Ruettgers, Vidal, and Wing‘ give the per- 
meability of grunite as ranging from 2 to 10 & 10-! ft. per sec.) 


Relationship between permeability of paste and permeability of concrete 

This subject was discussed fully by Ruettgers, Vidal, and Wing and 
therefore requires only brief mention here. Introduction of aggregate 
particles into paste tends to reduce the permeability by reducing the 
number of channels per unit gross cross-section and by lengthening the 
path of flow per unit linear distance in the general direction of flow. 
However, during the plastic period, the paste settles more than the aggre- 
gate and thus fissures under the aggregate particles develop. In satu- 
rated concrete these fissures are paths of low resistance to hydraulic 
flow and thus increase the permeability of the concrete. In general, 
with paste of a given composition and with graded aggregate the per- 
meability is greater the larger the maximum size of the aggregate. Ob- 
viously, the permeability of concrete as a whole is much higher than the 
theoretical permeability as developed above for a homogeneous medium. 

The above discussions indicate that for well cured concretes having 
water-cement ratios above about 0.5, the permeability is determined 
largely by the by-passes around the gel and the by-passes around the 
paste in the concrete structure as a whole, 


THE ABSORPTIVITY OF HARDENED PASTE 


The term “absorptivity” pertains to the characteristic rate at which 
dry or partially dry paste absorbs water without the aid of external 
hydraulic pressure. 

lor pastes containing capillary space outside the gel, it is believed 
that the water is taken in by two different processes. The water enters 
the capillary system under the influence of capillary force, i.e., surface 
tension. Probably most of the water entering the gel, if not all, is 
drawn by adsorption forces. The resistance to the inward flow into the 
capillary system should bs indicated by the coefficient of permeability of 
the saturated paste. The resistance to the flow into the gel, where the 
initial flow presumably takes place along surfaces of unfilled channels, 
would probably not be determined by the permeability, but by a co- 
efficient of diffusivity. 

These suppositions are supported by several considerations already 
discussed. Perhaps the most pertinent consideration is that illustrated 
by Fig. 4-12, Part 4. This shows that the evaporable water lost when a 
saturated specimen is exposed to a relative vapor pressuce of 0.5 could 
be divided into two classes—one that was lost rapidly without apparent 
relation to shrinkage, and one that was lost more gradually and was 
directly related to shrinkage. 
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No attempt will be made here to derive a theoretical relationship for 
absorptivity. However, an empirical relationship between absorptivity 
and capillary porosity will be shown. 

Relationship between absorptivity and the capillary porosity 

It can be shown (see later) that for either capillary penetration or 
diffusion, the adsorption of water during a short initial period, under 
proper experimental conditions, follows the relationship 


¢ " 4 
, cess hae noe an 
where q/A = amount of water per unit area absorbed in elapsed time 
t, and 
K, = a constant characteristic of the absorbent, in its initial 


state of dryness, called the coefficient of absorptivity. It 
has the dimensions sq cm per sec. 

K, was evaluated for several mortar prisms, 2 * 2 * 9! in., that had 
been water-cured and then dried in air of 50 percent relative humidity 
for 6 or 7 months. They were broken into halves transversely and then 
coated with paraffin so that only the broken end was exposed. Hach 
specimen was then suspended under water at 73 F from one end of a 
beam-balance and its change in weight with time was recorded. Plot- 
ting q/A vs. the square root of time for these specimens produced straight 
lines for about the first 60 minutes. 

Two different kinds of cement were used, with the following two mixes 
for each cement: 

Parts by weight 


| ‘Type of 


Ref, cement Cement | Standard | Pulverized 
No, (A.8.T.M.) | sand silica 
200-41 & ~43 Il | | | 1.63 
| | 
200-42 & —44 IV l 2.30 0.33 


The pulverized silica was of about the same specific surface (sq em per 
cc) as the cement. The mortars were plastic when fresh and relatively 
homogeneous after hardening, since the paste had relatively low bleeding 
capacity and the paste content was relatively high. (The above mixes 
are the same as mixes A and B described in Appendix to Part 2.) The 
compositions of the specimens were the same as those given in Table A- 
30, first four lines, Appendix to Part 2. The results of absorptivity tests, 
together with data derived from Tables A-30 and A-33 are given in 
Table 7-2. 

We may surmise that the coefficient of absorptivity depends on the 
porosity and on the size of the pores of the specimen. As remarked 














PHYSICAL PROPERTIES OF HARDENED PORTLAND CEMENT PASTE 875 


TABLE 7-2—ABSORPTIVITY DATA 














| | | K, (obsérved), 
W, C,” Wa | We | Sq cm per sec X 107 
Ref. g per g per gper | 0.86 X | 0.86 | 0.86 
No. ce of ccof | ccof |(L + 4k)\(1 + 4k)\(1 + 4k)| Spee. | Spee 
spec. spec. | spec. | | Mx Wal X We A B 
| 
Cement 15758 A.S.T.M. Type III, & = 0.248* 

200-41 | .252 | .755 | .120 | 1.71 | .220 | .032 | 13.5t| 8.3 
290-42 | 250 542 | .106 | 1.71 | .181 | .069 | 23.5 | 23:0 
Cement 15756 A.S.T.M. Type IV, k = 0.271* 

200-43 | .255 | .769 | .095 | 1.79 | .170 | .085 | 27.4 | 28.0 
200-44 | .252 | 560 | .074 | 1.79 132 120 73.5 | 76.1 


*See Part 3, Fig. 3-7A and B 
{Doubtful result based on firat 15 minutes only. Others are based on about first hour 


above, it is probable that the initial, comparatively rapid adsorption 
takes place almost exclusively in the capillary system. That is, although 
the gel is not saturated, the gel pores are so small that very little water 
van enter them, as compared with the amount that enters the capillary 
system during a limited time. On this basis, we may write 

Ka Pets Bid 6 3 vs ha oe aOR eee Pe 
where p, volume of capillary pores per ce of mortar—the capillary 
porosity, and r, effective radius of the capillaries. 

The capillary-porosity can be estimated conveniently in terms of the 
water content of the fresh mortar (after bleeding) and the increase in the 
volume of the solid phase due to hydration. ‘That is, the capillary 
porosity is the difference between the increase in volume of the solid 
phase (due to hydration) and the original volume of pores: 

Dp. W, Va + mca wile .. (18) 
where Vz bulk volume of the solid phase, including gel pores and 
unhydrated cement, in ce per ce of specimen, 
and C cement content of specimen, grams per ce of specimen. 

From Part 5, eq. (9), 
Va = Cv. — 0.86(1 + 4k)W, , - (19) 
where 0.86 Va mean of the specific volumes of gel water and non- 
evaporable water, and 
WwW, non-evaporable water, grams per cc of specimen. 
Hence, from eq. (18) and (19), 
De W. ies 4 Gee onenn sek ke eh eee (20) 

As shown previously, there is no satisfactory way of evaluating the 

size of the capillaries. However, capillary radius is at ‘a maximum 
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before hydration begins and becomes zero when all original capillary 

space (= W,.) becomes filled with hydration products. At intermediate 

stages the relationship may be such that capillary radii are about the 

same among different pastes when the original capillary space in each 
paste is filled to the same degree. To the extent that this is true, 

ro = f[W. — 0.86(1 + 4k)W,] . 

A comparison of eq. (17), (20), and (21) indicates that K, should 


be some function of W, — 0.86(1 + 4k)W, only. The nature of the 
function is indicated by the plotted experimental data given in Fig. 7-1. 
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It should be noted that according to eq. (21), capillary radius becomes 
zero when 0.86(1 + 4k)W, = W., that is, when capillary porosity is 
zero. Hence, if the assumptions made in arriving at the basis of plotting 
used in Fig. 7-1 are valid, or approximately so, the curve should appear 
to go through the origin. Fig. 7-1 shows that a reasonable curve through 
the points could pass through or very near the origin. This only illus- 
trates, however, the relative smallness of the gel pores, for it is certain 
that K, is not zero when capillary porosity is zero. The curve probably 
should intercept the K,-axis slightly above zero, possibly about as indi- 
cated in Fig. 7-1. 

The empirical curve probably does not indicate the relationship be- 
tween K, and capillary porosity correctly, for no account is taken of the 
fact that the capillary pores were not entirely empty at the start of the 
absorption test. However, at p = 0.5 p,, reached by desorption, the 
capillaries are probably not far from empty. The presence of capillary 
water in the specimen at the start probably reduces K, below what it 
would be if the capillaries were entirely empty, but it probably does not 
influence the indications as to the trend of the curve as capillary porosity 
approaches zero, the matter of interest here. 
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On the whole, these absorptivity data support other indications 
that the capillary pores are much larger than those in the gel, and that 
relationships given in Part 5 distinguish between water held in capillary 
spaces and that held in the pores of the gel with satisfactory accuracy. 

It should be remembered that when W, = 0.86(1 + 4k)W,, that is, 
when capillary porosity is zero, the specimen must be such that, when 
saturated, the total evaporable water = 4V,,. (See Part 3.) These 
absorptivity data thus constitute a significant independent check of the 
conclusion reached from other considerations, that the weight of the 
water required to saturate the gel is equal to 4V». 

Dependence of K. on initial water content of the specimen 

It must be remembered that the value of K, for a given specimen will 
depend on the initial water content of the specimen, at least for water 
contents high enough to partly fill the capillaries. If the specimens were 
first dried completely and then allowed to adsorb vapor before the 
adsorption test, K, would probably be about the same for all initial 
water contents up to that corresponding to about p = 0.45 p,. This 
follows from the evidence presented earlier indicating that the capillaries 
do not begin to fill by capillary condensation below about p = 0.45 p, 
and that the initial rapid absorption takes place almost exclusively in 
the capillaries, when capillaries are present. For specimens dried only 
by desorption, data now available do not indicate clearly how low the 
final vapor pressure must be to empty the capillaries completely. Such 
data as there are indicate that the required pressure might be as low as 
p = 0.1 p,, though theory indicates that it might be about p = 0.3 p,. 
Relationship between absorptivity and permeability 

In view of the evidence given above, we may conclude that the initial 
rapid absorption of water by paste containing capillaries outside the gel 
is predominantly capillary absorption. Consequently, the rate of 
absorption should be, according to Darcy’s law, 

dqgi _ (Ka)e | Ah 
dt A n L 


in which (K-), is the coefficient of permeability for flow through the 
capillary system alone, d;Ah is the hydraulic head in g per sq cm 
‘ausing the flow, and L is the depth of the saturated layer in which the 
flow is taking place. 

For horizontal capillary penetration 


9 d;ah = of“ ++), ei . plies ated inate ene (23) * 


ry T2 
*Eq. (23) is based on the assumption that the angle of contact between the meniscus and the solid bound- 
ary is zero. This assumption seems permissible in this case because of the strong attraction between the 
solid and the liquid and because of the extreme slowness of the movement of the meniscus. It would not be 
permissible, however, for specimens that contain stearates or other ‘‘water-repellent’’ substances or for 
coarsely porous materials in which the capillary penetration is rapid. 
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where 
o = surface tension of water, dynes per cm, 
g = acceleration due to gravity, 
r, and rz = principal radii of curvature of the menisci. 


: 


) can be replaced by the recipro- 
re 


Carman “” has shown that ( . + 
rT) 


cal of the hydraulic radius. That is, 


EES Ce a ee (24) 
r) re €¢ 
where 
«. = volume of the capillaries per unit volume of the specimen, 
and S = surface area of capillary boundaries. 
For our data, 
eS... pen. a Lp ny pa ty 2 RA A eg (25) 
€ We-—4Vm Vm(N — 4) 
in which 
S. = superficial surface area of the gel, and 
w, = total evaporable water. 
We may note also that 
L = + = —_! (eR eae (26) 
eA Vn(N — 4)A 
where A’ = exposed area of the specimen. 
Substitution from eq. (23), (24), (25), and (26) into eq. (22) gives 
dq1_ (Ka). S, Vn(N — 4)A 
dt A n . Vin(N — 4) q 
- | (Ks).A | s.| See (27) 
n q 


All the quantities within the brackets are constant for a given specimen, 
Hence, we may write 


fa dq = Ee o s.| fa 
n 


which, when integrated, gives 


4 EE o s, |! ec. FPO) Rae Ca ae (28) 
A n 
From eq. (16) and (28) it follows that 
Ka = 2(K1)¢ EE chaos wkd ves < ewan ya 864k o Oe (29) 
n 


It thus appears that if the superficial surface area of the gel were known, 
the coefficient of permeability for flow through the capillary system 
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(which is virtually the total flow) could be computed from the coefficient 
of absorptivity as determined from the initial rate of absorption. How- 
ever, S, cannot be measured by any method now available. We may 
surmise that in a fresh paste, where the hydration products exist mainly 
as a thin coating on the cement grains, the superficial area of the hydra- 
tion products, S,., must be virtually the same as that of the original 
cement grains. While hydration proceeds, either an increase or a de- 
crease in S, is conceivable. If the cement grains were sufficiently sep- 
arated, and if hydration merely enlarged the grains, S, would increase 
until the boundaries of the grains began to merge. After a certain 
extent of this merging, S, would begin to decrease and would wither 
eventually reach zero—if the paste were sufficiently dense—or some 
finite minimum value. (See Fig. 5-11, Part 5.) 


SUMMARY OF PART 7 
Permeability 


(1) The permeability of well cured neat cement paste of low w/c 
is, theoretically, 
K, = 50 X 10°" V,,(N — k,)* 
in which K, = coefficient of permeability to water in ft. per sec.; 


Vm = amount of water required to form the first adsorbed 
layer, g per cc of paste; 
N_ = ratio of total evaporable water to V,,; and 


k, is a constant depending on the amount of immobile water per 
unit of solid surface—k, is probably near 1. 

(2) For pastes in which N is considerably greater than 4, the permea- 
bility is much higher than the theoretical value computed from the 
above equation. This is believed to indicate that the flow in such pastes 
is predominantly in the capillary spaces outside the gel and, in tests 
on neat-cement disks of high w/c, through vertical channels formed dur- 
ing the period of bleeding. 

(3) The theoretical permeability of pastes containing no capillary 
space outside the gel is 


K, = 0.7 X 10°"(1 — cv) | 


0.45 S cv, S 1.0 
where c = cement content, g per cc of paste and v, = specific volume of 
the cement. A, cannot be zero in practice because cv, must be less than 
1. Atcv, = 0.45, approximately the minimum cement content of pastes 
containing no capillary space outside the gel, Ay = 1 * 10°. Accord- 
ing to Ruettgers, Vidal, and Wing, this is of the same order as the per- 
meability of granite. 

(4) The permeability of concrete is generally much higher than 
the theoretical permeability owing to fissures under the aggregate that 
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permit the flow partially to by-pass the paste and owing to the capillaries 
in the past2 that permit the flow in the paste to by-pass the gel. 


Absorptivity 
(1) The absorption of water by a dry specimen during the first 30 to 
60 minutes follows the relationship 


4 = (Ket), 
in which g/A = the amount absorbed per unit of exposed area and K, = 
the coefficient of absorptivity at t = time. 

(2) The empirical relationship between K, and capillary porosity 
indicates that K, is near zero when capillary porosity is zero. Hence, 
the empirical relationship indicates that the initial absorption takes place 
almost exclusively in the capillaries outside the gel, when such capillaries 
are present. 

(3) The theoretical relationship between absorptivity and permeability is 


cee. 
n 
in which (Ke). = the coefficient of permeability for flow through the 
capillary system of the paste; o and » = surface tension and viscosity 
of water, respectively; g = gravitational constant; S. = superficial 
surface area of the gel. This pertains to specimens in which the capil- 
laries are initially empty, or nearly so. S, has not been measured. It 
probably diminishes as (K2), diminishes. If so, K, is a relative measure 


of (K2).. 
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Job Problems and Practice 


In JPP many Members may participate in few pages. So, if you have 
a question, ask it. 1f an answer is of likely general interest, it will be 
briefed here (with authorship credit unless the contributor prefers not). 
But don't wait for a question. If you know of a concrete problem solved 
—in field, laboratory, factory, or office—or if you are moved to con- 
structive comment or criticism, obey the impulse; jot it down for JPP. 
Remember these pages are for informal and sometimes tentative frag- 
ments—not the ‘‘copper-riveted’’ conclusiveness of formal treatises. 
‘Answers’ to questions do not carry ACI authority; they represent the 
efforts of Members to add their bits to the sum of ACI Member knowledge 
of concrete “know-how.” 


Definition of Fineness Modulus (43-182) 


Q— It appears there is an error in the “Report of the Joint Committee 
on Standard Specifications for Concrete and Reinforced Concrete,” 
third printing, August 1944. 

According to the committee, the definition of Fineness Modulus, p. 2, 
is, “an empirical factor obtained by taking 1/100 of the sum of the per- 
centages of a sample of aggregate retained on each of a specified number 
of sieves.’’ A fineness modulus test run on the basis of this definition 
will always result in a value of one. 

Whereas, if the definition were worded in the following manner, 
“Fineness Modulus—an empirical factor obtained by taking 1/100 of 
the sum of the percentages by weight of the aggregate sample coarser than 
each of a specified number of sieves,’ true fineness modulus factors would 
be obtained. 


By F. E. RICHART* 


A—The definition of Fineness Modulus in the 1941 Joint Committee 
report may be questioned only because it does not specify exactly how 
the sieving operation is to be performed. If the sample of aggregate is 
passed through a group of sieves, nested one above the other, each sieve 
will hold only the portion that passes the next larger sieve. However, if 
material is retained on any particular sieve, it may be considered that. it 
would be retained on all of the smaller sieves as well, 
~*Research Professor of Engineering Materials, Univ. of Illinois, Urbana, Ill. 
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If the entire sample is placed on each of the specified sieves in turn, 
the sum of the percentages of the total retained on the several sieves will 
equal 100 times the fineness modulus. 

It has been suggested that the words “retained on’ in the definition 
be replaced by the words “coarser than.’’ This may be clearer, but is 
not particularly good English. In saying that a piece of aggregate is 
coarser than a 4-in. sieve, we compare two wholly unlike objects. How 
coarse is a sieve? Webster defines coarse, as so used, as “large in bulk 
or composed of large particles.’”’ Even so, I would not object to using 
“coarser than” if it presents a clearer picture to the reader. 


Anchor Bolts Set in Drilled Holes (43-183) 


Q—An inquiry, essentially as follows was recently received by the 
institute: ‘‘I would like to get some information on the allowable re- 
sistance to sidewise loads, and to uplift loads of anchor bolts set in drilled 
holes in concrete. For example, cinch bolts, bolts set in steel expansion 
sleeves, bolts set in lead, grout, or sulfur, or any better types there may 
be. While I realize that the shear resistance of some of these anchor 
bolts is theoretically nil, a nut drawn down tight on a steel plate bearing 
on the concrete will often have considerable resistance to side loads. 
Any figures or references to results of tests you could give on the subject 
would be appreciated. 


By CHESTER L. POST* 


A—Extreme care should be exercised in the design and installation 
of anchor bolts set in drilled holes in concrete. The following quotation 
regarding expansion bolts is taken from a publication of one of the 
leading producers of expansion bolts. ‘Holding power varies in accord- 
ance with type and quality of masonry, depth of hole, length and size 
of bolt or screw and proper installation.” 

I have been unable to find any record of extensive and conclusive 
tests on bolts set in drilled holes in concrete. 

I am not familiar with any type of such bolts with a ‘shearing resistance 
which is theoretically nil.’ In general such bolts, set by any of the usual 
methods, are much more dependable for shear than they are for direct 
pull. 

Anchor bolts, set in drilled holes, are reasonably dependable for shear 
if the bolt is of adequate size, strength and length; if the hole is of ade- 
quate depth; if the concrete is of adequate strength and if the space be- 
tween the bolt and the concrete is properly filled with material capable 
of resisting the compressive stresses involved. Cement grout and sulfur 


*Consulting Engineer, Public Buildings Administration, Federal Works Agency, Washington, D. C. 
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are quite satisfactory materials but installation is impractical for bolts 
in walls or ceilings. Lead will not resist high stresses without a tendency 
to flow and fiber has low strength. 

I try to avoid the use of bolts, set in drilled holes, for direct pull; (1) 
if a failure would result in serious consequences, (2) if any appreciable 
vibration is involved. I also avoid the use, for direct pull, of a type which 
will lose holding power if any slipping occurs (the old fashioned fox bolt 
is an example of this type). 


Recommendations 

Use inserts or embedded anchors rather than bolts set in drilled holes, 
wherever practicable. 

Do not apply loads in excess of those recommended by reputable 
manufacturers. 

teduce loads for direct pull if the load is applied eccentrically to the 
bolt. 

Avoid use of such bolts when subject to vibration. 

Use types which will tighten rather than loosen under loading. 

Observe the precautions indicated in the opening paragraph and in 
addition be sure that the hole is reasonably true and of the proper size 
for the bolt used. 


Finally, supervise the installation carefully as improper installation 
is the most frequent cause of trouble. 
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ACI CONVENTION 


As this JOURNAL goes to the printer the 43rd annual 
ACI Convention is in session in Cincinnati, Ohio, February 
24, 25 and 26. Read the Convention Story in the April 











New Members 








The Board of Direction approved 70 
applications for Membership (44 Indi- 
vidual, 3 Corporation, 6 Junior, 17 
Student) received in January. 

The Membership total on February 1, 
1947 after taking into consideration a few 
losses by death, resignation and for non- 
payment of dues, was 3136. 


Individual Members 


Allison, Fred G., U. 8. E. D., Guam, APO 
246, c/o P. M., San Francisco, Calif. 
Anderson, Frederick G., 1035 Monaco 

Parkway, Denver 7, Colo. 

Barbour, Robert H., 196 South Main St., 
Brewer, Maine. 

Bleich, Hans H., 102 W. 80th Street, New 
York 24, N. Y. 

Bredero, Richard H., Parker Apts., 1925 
Grove St., Oakland, Calif. 

Class, John K., 1007 Melrose St., Harris- 
burg, Pa. 

Coifman, Michael B., 135 W. Wells St., 
Milwaukee 3, Wis. 

Colondres, R. Torres, Puerto Rico Water 
Resources Authority, Engineering Div. 
Santurce, Puerto Rico. 

Davidson, Jr., J. Slater, 6524 Ridgewood 
Ave., Chevy Chase 15, Md. 

Doriss, Howard, 601 E. Ninth St., New 
York 9, N. Y. 

Garganta D., Andres, Once 908 Vedado, 
Havana, Cuba 

Goldsmith Jr., Gustave M., 1734 Bella 
Vista, Bond Hill, Cincinnati 29, Ohio 


Hague Jr., John M., Hotel Mansfield, 12 
W. 44th St., New York 18, N. Y. 

Hartstein, Milton, 1499 Lincoln PL, 
Brooklyn 13, N. Y. 

Heidrich, Stephen L., 681 Ocean Avenue, 
Brooklyn, N. Y. 

Hellstrom, B., Royal Institute of Tech- 
nology, Stockholm, Sweden 

Houk Jr., Ivan E., U. 8. Bureau of Re- 
clamation, Anderson Dam, Idaho 

Jamaluddin, Ali Ahmed, U. S. Bureau of 
Reclamation, Custom House, Denver 2, 
Colo. 

Kanagasabai, T. V., c/o Hindustan Con- 
struction Co. Ltd., Ballard Estate, 
Bombay, India 

Karp, Nathan, 706 Jackson St. N. E., 
Washington 17, D. C. 

Kempner, Bernard, 2423-65th St., Brook- 
lyn, N. Y. 

Krucklin, Robert E., Box 671, c/o Lago 
Oil & Transport Co., Aruba, Curacao, 
Netherland, West Indies. 

Liversedge, John Ridler, 3la John Adam 
St., Adelphi, Westminster, London W. 
C. 2, England 

Logan Jr., H., c/o U. S. Bureau of Re- 
clamation, Coachella, Calif. 

Long, Malcolm G., Long Construction 
Co., Box 1291, Billings, Mont. 

McCoy, P. E., 40 Arkansas St., San 
Francisco 10, Calif. 

Merry, A. Brian, 525-15th St., Augusta, 
Ga. 
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N.Y. 

Pumpk, F. G., 28 Oakvale Ave., Ottawa, 
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Renz, Edwin W., 136 Glenwood Ave., 
East Orange, N. J. 

Shelton, Ralph L., Union Electric Co. of 
Missouri, 315 N. 12th Blvd., St. Louis 
1, Mo. 

Stolk, Juan Feo., C. A. E. C. “Riego”, 
Apartado 1844, Caracas, Venezuela, 
S. A. 

Swanson, Carl E. V., 607 First National 
Bank Bldg., Moline, Il. 

Szymanski, Stanislaus Joseph, 69-31 Me- 
tropolitan Ave., Middle Village, N.Y. 
Takahashi, Saburo, 234 Cottingham S&t., 
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Vadgama, Dayalal Ramji, Sanghvi Bhu- 
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Ave., Bangkok, Thailand 
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WHO'S WHO 
A. Amirikian 


author of the paper “Some Problems in 
Structural Framing of Precast Concrete 
Houses” (p. 797) which was presented at 
the ACI convention in Cincinnati, Febru- 
ary 24, 1947, is also author of ‘Precast 
Concrete Structures” in the December 
1946 JournaL. He is Chairman of the 
newly formed ACI Committee 324 ‘‘Pre- 
east Reinforced Concrete Structures’’. 


B. D. Keatts 


author of the paper “The Maintenance 
and Reconstruction of Concrete Tunnel 
Linings with Treated Mortar and Special 
Concrete” (p. 813) presented at the 43rd 
Annual Convention, has been a member 
of the Institute since 1942, Mr. Keatts is 
also co-author (with J. W. Kelly) of the 
paper “Two Special Methods of Restoring 
and Strengthening Masonry Structures,”’ 
February 1946 JourNAL, which won the 
Construction Practice Award for 1946, 





Myron A. Swayze and Ernst 

Gruenwal 
are the co-authors of the paper “Concrete 
Mix Design—A Modification of the Fine- 
ness Modulus Method” which appears on 
p. 829 of the JourNnaL, and which was 
presented at the 43rd Annual Convention 
in Cincinnati. 

Mr. Swayze, a Member of the Institute 
since 1923 and former Board member, is 
also the author of the paper ‘Obser- 
vations of War Damage to Concrete and 
to Cement Industry Properties — in 
Germany” which appeared in the February 
1947 JOURNAL. 

Ernst Gruenwald was born in Vienna 
and obtained his degree in engineering 
from the Technical University of Vienna 
in 1920. After practicing with a con- 
tracting firm as designer and super- 
intendent he came to the United States 
and soon became affiliated with the South- 
western Portland Cement Company, 
Osborn, Ohio, designing structures for 
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their new plant; and for a time performed 
similar duties for the Ideal Cement 
Company, Denver, Colo. 

Since 1926 Mr. Gruenwald has been 
with the Lone Star Cement Corporation, 
first in the capacity of chief concrete 
designer, then as assistant to Duff <A, 
Abrams in concrete research and appli- 
cation of research data to field use. While 
there he developed much of the technical 
data for use of high-early strength cement 
in concrete. In 1936 he became chief 
engineer and since July 1946 has been 
manager of “Incor’ technical service 
including work in the designing of stacks, 
trestles, silos, retaining walls, arch strue- 
tures and other types of industrial 
structures. 


T. C. Powers and T. L. Brownyard 


are the authors of “Studies of the Physical 
Properties of Hardened Portland Cement 
Paste”, Parts 6 and 7 of which appear on 
p. 845 of this JournaL. See p. 8 of the 
October News Letter for biographical 


sketches of these authors. 





Honor Roll 


February 1, 1946 to Jan. 31, 1947 





Alberto Dovali Jaime 
stands at the top of the Honor Roll for 
the year February 1, 1946 to January 31, 


The name o 


1947 with a score of 521%. Second place 
on the Roll is held by 'T. E. Stanton with a 
score of 2514. Professor Jaime and Mr. 
Stanton will each receive a certificate in 
acknowledgment of meritorious service in 


their sponsorship of new members. 


Alberto Dovali Jaime..... 52% 
Ko Mee PHOMMCOM, 0000 000s eee 
See oe rere 21 
James A. McCarthy... 15 
EB. W. bmOreom........ 13 
Henry L. Kennedy...............12% 
Newlin D. Morgan... . 12 
Pn A a re 12 
R. D. Bradbury......... , 9 
Miguel Herrero..... 5 ikt 814 
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a MPBOROED. 60.56 cscs suis 
Charles E. Wuerpel...... 


Anton Rydland..... 
A. Amirkian... 

min, CAOREB....... 

W. M. Honour... 

Karl W. Lemcke.. 
Lewis H. Tuthill... 
Jacob Fruchtbaum... 
Ray C. Giddings... . 
Reis REUMOEIOD. 6 nc ceca. 
Rene Pulido y Morales 


Raymond E. Davis..... 


Grayson Gill. .... 

E. Gonzalez-Rubio. 
Hernan Gutierrez.... 
0. G. Julian...... 
Martin Kantorer..... 
Dean Peabody Jr. 

K. E. Whitman... 

D. R. Cervin...... 

T. F. Collier. . 

H. B. Emerson.... 

E. F. Harder.... 

F, E. Richart..... 

Cc. S. Whitney... 
Birger Arneberg... 
Rene L. Bertin... 

me as DORSO....... 

H. J. Gilkey...... ; 
Denis O. Hebold.... 
John T. Howell... 
Max Jamison 
Wm. R. Kahl 


Robert L. Mauchel.... 


C. Russell Moir... 
Niels M. Plum.... 
James J. Pollard.... 
H. D. Sullivan...... 
J. Antonio Thomen. 
H. F. Thomson. . 
Stanton Walker... . 
W. W. Warzyn... 

R. R. Zipprodt.... 
Hugh Barnes... 
W. A. Carlson... 
Emil W. Colli... 
H. M. Hadley.... 
F. N. Menefee... 
Y. G. Patel... 

E. M. Rawls.... 
H. C. Shields. . . 
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2% 


oe ee 


ee) ae 
John Tucker, Jr... . 
a? ae 

Wm. R. Waugh... 


R. F. Blanks...... 


Aloysius E. Cooke....... 


Fe, A ee 


Issac Hausman......... 


Edwin B. Johansen. . 

R, R. Kaufman....... 
T. R. S. Kynnersley. . 
Raul Lucchetti..... 


F. R. McMillan............ 


Arnold A. Mack.... 
Benjamin Maltz 
H. S. Meissner.... 


Paul W. Norton.... 
Henry Pfisterer..... 
Raymond C. Reese.... 
Richard A. Roberts .. 
ic Bes TONER... 5s. 
Simeon Ross... .. 
Moe A. Rubinsky.... 
John A. Ruhling..... 
R. H. Sherlock .... 
LeRoy A. Staples..... 
Hale Sutherland..... 
Flory J. Tamanini.... 
Jose A. Vila..... 
Piers M. Williams... 
Paul L. Battey.... 

RR. Ee. BOWS. ..... 

J. ™M. Breen. . 

5.40; Bee... S 

W. A. Coolidge... 

R, A. Crysler.... 

H. F. Faulkner.... 


Alexander Foster, Jr... .. 
E. J. Glennan.......... 


D. E. Gondolfi....... 
Axel H. Johnson... . 
T. C. Kavanaugh.. 
Thomas M. Kelly... 
F. R. MacLeay...... 
Eugene Mirabelli. . . 
John J. Murray..... 
Wm. T. Neelands.. 


Paul W. Abeles......... 
i. eee 


1% 


1% 
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Ue ie PUMRONE oi i sek ee 1% 
MEM ENOOOR, oo ccceeensdd eee eset’ 1% 
Dd 6.65 ccce'ed e's eV i ob 1% 
Jerome M. Raphael............... 14 
Clarence Rawhouser............. 1% 
ie EPP PTET iEe eee 1% 
Thomas C. Shedd.................1% 
LeRoy A. Thorssen............... 1% 
I oh od aah webs vos ee UVR GN 1 
a ee ae l 
Pe ree | ear l 
PP es eee eee 1 
ENS So cides eC PIV EAS we l 
SRA l 
Reg dcdecctbabedebeces 1 
DUP EENIGO cece c ca tdcsveccccee l 
RU ES Sad bie dade dbetis cds ies 1 
EEN ccccssi cbs serves 1 
SS PPT eT eeeriee l 
ECTS Peer a ere 
IAS i545 ale. 50-4 v'0co'e'c 0 o'e 8s 1 
Raymond L. Brandes............... l 


MM soi keesese ised tse es sive 
PFET TE TETEEeTe ees. 
Antonio J. Carbonell................1 
DM RMON, 26 cbecedoeds ocosel 


ERED cb is idocedvavecle ss ] 
oy eS See rae eee | 
Frank W. Chappell................. 1 
Anthony D. Ciregi.........00.escees | 
RD bhi b dW oad bis 0 o'e0's ve 1 
SE re EE 
CP co peeseloitesi dees iat 
COO cs ctcveediisevives 1 
PTT eC ee 1 
W. 8. Cottingham.......... : 1 
G. H. C, Crampton........... iin 
Se 1 
Charles A. Daymude....... a 
ES PTS ree Jd 
cos phedderbre vvboee l 


Be a, PIOOMO. coe icc ci de 
Se I, ki dolodci' cede 
Clarence W. Dunham...... 


Clifford Dunnells........... 
BRFSS FA 5 Or 
Jess Fellabaum..,.......... 
yh Ie 
Alexander E. Forrest...... 


Herman Frauenfelder. . 
Harry E. Frech............ 
Robert W. Freeman......... 
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ces ccccrvebitederes | 
En p00 60d ddd’. Ce ae ee he) 1 
ERs oo ox eecenic PEGA a 
George EB. Goodall. ........000c00..80] 
a eas oe 4 
eee ee. ee l 
Ernst Gruenwald................... 1 
A eee 1 
ee RY re rare l 
ne SPPPTTL TT TTT ert eee 1 
PE Eo rc ececs Sate. ] 
Se Is oes sels oe PO Cee 1 
Repent €2, ROOMtON. bic. ee ee, l 
Loren W, Hunt......... l 
A ne ee We eeT Usa te 
SD 5 ies os REE Od URS, l 
NSS bach ow res che Me bads ] 
ee a ia 
Edgar R. Kendall.......... 3 
Edward F. Keniston..........:.00:. ] 
SE Oc ccccccesced stat ji 
James A, Krebs...... eee ie I 
William J. Krefeld... . | 
es ockg ase ska dans tihw ae 
H. Walter Leavitt............ wll 
a hare eae 1 
Wm. Lerch........ se l 
IS 5:6 6 a:6:0-0wlde ha b.cl ere l 
Arthur A. Levison.............. Loon 
NE We I Ca vccccceedeveeeees ] 
Bartlett G. Long....... tt ee iff 
et Se Prrrerrerrn ia 
Irvin H. Luke......... 1 
Walter B, 5S. Lum... ‘alba l 
James FE. McClelland.......... l 
PP ee iH 
Edward P, McMullin........... i 
Ian Macallan.......... ; aa J 
I a ae 6.6.0.4.0-0.0°0 de pdvie ob l 
Bryant Mather,........ wee l 
NT POP Cee eee l 
Hugh Montgomery................. | 
Robert B. B. Moorman..... ee 
ES 25 6544 c dc weet VE ek es } 
John J, Murray......... 3 
J. Vincente Orozco. ...... ] 
ENG o0.0 6060.0 0.dbvbd oi Zi 
> ie 
Cecil FE. Pearce....... re l 
ET ed i's 5 S ah.ou bee's ahelte bade l 
AS | 
kg S| PTT ae 
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EE Ces CEE 
George P. Rice....... 


Melvin 8S. Rich....... 


Charles 8. Rippon............. 
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1 Atahualpa Domingues 
7 G. J. Durant 
re 1 EK. E. Edwards 
A. C. Eichenlaub 
seeee l Axel Erikeson 
1 Harry R. Erps 
hind ws Cevdet Erzen 
Jj Ae 1 E. E. Evans 
H. G,. Farmer 
os sty 1 K. P. Ferrell 
1 L. R. Forbrich 
: Frederic D. Foss 
ty Paty 1 Athol C. Garing 
, G, V. Gezelius 


V. L. Glaze 


Walter 8S. Merrill 
George W. Meyer 
Oliver HI. Millikan 
Cc. C, More 

A. B. L. Moser 
Fernando Munilla 
William H. Munse 
T. D. Mylrea 

dD. Lee arver 

8. Neatwait 

H. T. Nelson 

N. M. Newmark 
Syberen Frank Nydam 
George L. Otterson 
Wm. D. Painter 





h. R. Gore George P. Palo 
E, O. Rosberg........-. 06... sees. I Howard A, Gray Cecil E, Pearce 
PP CR, cick bicciaees css a a“ — ~~198 Truque James D. Piper 
jurdian n 
Arthur Ruettgers........... ik Albert Haertlein David P ints 
= " ‘ Roger T. Hal arry ummer 
Emil ee eeeccetere S00 6% les ee Per oO. Hallstrom R. F. Powel 
PTC CCRT OUR TET ee Chas. T. Hamilton tobert -rovine 
G.R = Stanley M. Hands Miguel A, Quinones 
C. H. Scholer.......... Jd Hunter Hanly Frank A. Randall 
Herman Schorer. . . teeereceeeeel Cleorge Nr Harding. Fredoriek A. Reickert 
ES ee tae bee 1 George L. Hayler Rolf T. Rets 
: H. L. I M 1 Ray Rivero 
EN CNOEL S's isle BSov o's PUN ei 1 Ue a D_ 0. Robinson . 
Wei A. W. Hicks R. EB. Roscoe 
J. H. Spilkin Te pall nial aialateah J R. B. Hindman Edward A, Rudulph 
Howard R. Staley. a Meyer Hirschthal R. C. Sandberg 
. on y Wm. A. Hohlweg Frank T. Sheets 
Hugh F. DOF cic ccccesecesaciesuee l Ralph B, petner . 2 Ghelhurne 
; Tre Fred Hubbare C, E, Shevling 
Bailey Tremper tts acl all I Manuel Castro Huerta Charles A. Shirk 
TRE s . dén cs ives ceaebea 1 H. D. Humphries Harold Oliver Sjoberg . 
W. C. Huntington R. W. Spencer 
Saul Uhr............ 1 yreps Jackson oo : —— 4 
’ . P, Jensen Charles poffor 
Oscar J. Vago......... eee sees. vl Bruce M, Johnson D. J. Steele 
Carlos Vasquez........ l Paul A. Jones Henson K. Stephenson 
George L. Kalousek bk, O. Sweetser 
Joseph Pe WOMEN. sec cic veste cits 1 Norman E. Keller Oo. — 
7 » Frank Kerekes t. W. Ullman 
L, A. Wagner I W. D. Kimmel Zaldua Uriarte 
D. 8S. Walter........ l W. H. Klein Irving Warner 
" ‘ Lane Knight Ray V. Warren 
David Watstein. .. vol M. C; Kolinak A. Carl Weber 
‘ Douglas 8. Laidlaw oS. C. Wenger 
J.C, Watt.......... A Henry M. Lees H. EH. Weasman 
W. H. Weiskopf..... y Leslie L. Lowey Herbert J. Whitten 
<p McCrory Eugene P. H. Willett 
A. Hugh Whitmore. .. I .. MeHenry ET. Wiskoel 
ic : I; . J. B. Maephai Edward F, Young ; 
Vietor 8. W GMO. . . I Sidney M. Major, Jr. R. B. Young 
Benjamin eer eP y Charles Mannel Peter A. Zahorik 
. G 7 I P 
©. D. Williams. .... tft | Pemaemmeusiha 
George C. Wilsnack........ Al 
Ralph E. Winslow.................. 1 
Douglas Wood... .. a j 
Ernest B. Wood... 1 : 
Ray A. Young....... l Floyd B. Hornibrook 
The following credits are, in each rhe announcement of the appointment 


instance, “50-50” with another Member. of Mr. F. B. Hornibrook as Director of 

ow P. Allabach Carlos D. Bullock Research, The Master Builders Co., was 
B. G. Anderson Fred Burgaraf recently made by that company. Mr 

A. Arnatein 


C. Peter Braosowics 
Fred Caiola 

Robert A. Caughey 
W. L. Chadwick 

H. F. Clemmer 

A. B. Cohen 

Sam Comens 


J. B, Baird 

Michel Bakhoum 
Babahattin Basman 
E, Ben-Zvi 

E. O. Bergman 
Hugh Bigler 


Hornibrook, formerly with the National 
Bureau of Standards, joined the Master 
Builders Research Laboratories in 1946, 


Roms D. Billings R. BE. Copeland Dr. I. W. Seripture, Jr., formerly 
roy Blaachits Rolland Cravens Director of Research, now takes the title 
ey ~~ trol, of Vice-President in charge of Research. 
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Research fellowship on reinforced 
concrete at the National Bureau of 


Standards 


Improved design of concrete reinforcing 
bars and engineering data that will enable 
engineers and builders to make more 
effective use of reinforced concrete are 
the prime objectives of the research 
program on reinforced concrete now under 
way at the National Bureau of Standards 
by a fellowship of the American Iron and 
Steel Institute. 


Reinforcing bars, with ribs or ridges of 
various patterns, known as deformed bars, 
are commercially available in as many as 
twenty designs. Although it is generally 
recognized in the industry that some of 
these are more effective in developing 
bond than others, minimum requirements 
for deformed bars have not been estab- 
lished. One purpose of this investigation 
is to set up criteria that will define a satis- 
factory deformed concrete reinforcing bar 
and eliminate the less effective of these 
designs. On the basis of preliminary 
data, the members of the American Iron 
and Steel Institute who are producers of 
reinforcing bars have discarded from 
further consideration all but five designs. * 


The fellowship at the Bureau of Stand- 
ards, one of several supported by the 
American Iron and Steel Institute at 
various institutions, operates under the 
Bureau’s research fellowship plan. Ac- 
cording to this plan, groups or organiza- 
tions whose research programs fall in 
fields within the Bureau’s scope of activi- 
ties may be permitted, under certain con- 
ditions, to establish research fellowships 
for investigation of problems of mutual 
interest in these fields. Such fellow- 
ships are granted the complete facilities 
of the Bureau’s laboratories and results 
of their work are made available in the 
same manner as those of other Bureau 
laboratories. Known as research asso- 
ciates, their personnel are accorded all 
privileges of Bureau employees. 

*See ‘Comparative Bond Pialency of Deformed 


Concrete Reinforcing Bars’? by Arthur P. Clark, 
ACI Journat Dec. 1946, Proc., V. 43, p. 381. 
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Established in 1944, the American Iron 
and Steel Institute fellowship consists of 
five employees, under the immediate 
supervision of Arthur P. Clark, research 
associate, formerly of the Bethlehem Steel 
Company. Along with other research 
projects on reinforced concrete conducted 
by the Institute, the work of the fellow- 
ship is planned and directed by the In- 
stitute’s Committee on Reinforced Con- 
crete Research. Roy R. Zipprodt is re- 
search engineer for the committee. 


Laboratory facilities and equipment 
have been provided by the Bureau’s 
Masonry Construction Section, with which 
the work of the fellowship is closely 
associated. The fellowship is now under- 
taking more exhaustive bond tests with 
seven varieties of bars, including the five 
indicated by the preliminary tests to be 
most desirable from all standpoints. Data 
from these tests will provide the industry 
with information that will permit them to 
develop better deformed bars. The re- 
sults of the preliminary tests, however, 
have indicated desirable modifications in 
design, some of which have already been 
put into effect. 





Industry Reports: Construction and 
Construction Materials 


These reports prepared by the Con- 
struction Division of the U.S. Department 
of Commerce, are available to manu- 
facturers, distributors and consumers and 
are prepared and published for their use. 
Each issue presents discussion and sta- 
tistics on a special subject. Some of the 
most recent of these special articles were: 
Clay Construction Materials, Construc- 
tion and Business Cycles, and Report on 
Veterans Housing. Cement and Concrete 
were the subjects of the October, 1946, 
report. The reports will be sent free to 
those who ask to be placed on the mailing 
list. Requests should be addressed to the 
Department of Commerce, Bureau of For- 
eign and Domestic Commerce, Washing- 
ton 25, D. C. 





cre 
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ACI publications in large current demand 


Proposed Manual of Standard Practice for Detailing Reinforced 
Concrete Structures (1946) 


Reported by ACI Committee 315, Detailing Reinforced Concrete Structures, Arthur J. Boase, 
Chairman, this book reached the top of the ACI “‘best seller’’ list within one month of its distri- 
bution to all ACI members in good standing in July 1946. It is a large format, bound to lie flat 
and presents typical engineering and placing drawings with discussion calling attention to 
important considerations in designing practice. It was prepared to simplify, speed, and effect 
standardization in detailing. It is believed to be the only publication of its kind in English. It 
is meeting wide acclaim among designers, draftsmen and in engineering schools. Price—$3.00; 


to ACI Members—$1.75. 
ACI Standards—1946 


180 pages, 6x9 reprinting ACI current standards: Building Regulations for Reinforced Con- 
crete (ACI 318-41); Minimum Standard Requirements for Precast Concrete Floor Units 
(ACI 711-46); four recommended practices: Use of Metal Supports for Reinforcement (ACI- 
319-42); Measuring, Mixing and Placing Concrete (ACI 614-42); Design of Concrete Mixes 
(ACI 613-44); Construction of Concrete Row Silos (ACI 714-46); and two specifications: Con- 
crete Pavements and Bases (ACI 617-44) and Cast Stone (ACI 704-44)—all between two 
covers, $2.00 per copy—to ACI Members, $1.25. 


Air Entrainment in Concrete (1944) 


92 pages of reports of laboratory data and field experience including a 31-page paper by 
H. F. Gonnerman, “Tests of Concretes Containing Air-entraining Portland Cements or Aijr- 
entraining Materials Added to Batch at Mixer,’ and 61 pages of the contributions of 15 parti- 
cipants in a 1944 ACI Convention Symposium, “Concretes Containing Air-entraining Agents,” 
reprinted (in special covers) from the ACI JOURNAL for June, 1944. $1.25 per copy, 75 
cents to Members. 


ACI Manual of Concrete Inspection (July 1941) 


This 140-page book (pdcket size) is the work of ACI Committee 611, Inspection of Con- 
crete. It sets up what good practice requires of concrete inspectors and a background of 
information on the “why” of such good practice. Price $1.00—to ACI members 75 cents. 


“The Joint Committee Report” (June 1940) 


The Report of the Joint Committee on Standard Specifications for Concrete and Reinforced 
Concrete submitting “Recommended Practice and Standard Specifications for Concrete and 
Reinforced Concrete,” represents the ten-year work of the third Joint Committee, consisting 
of affiliated committees of the American Concrete Institute, American Institute of Architects, 
American Railway Engineering Association, American Society of Civil Engineers, American 
Society for Testing Materials, Portland Cement Association. Published June 15, 1940, 140 
pages. Price $1.50—to ACI members $1.00. 


Reinforced Concrete Design Handbook (Dec. 1939) 


This report of ACI Committee 317 is in increasing demand. From the Committee's Fore- 
word: “One of the important objectives of the committee has been to prepare tables covering 
as large a range of unit stresses as may be met in general practice. A second and equally 
important aim has been to reduce the design of members under combined bending and axial 
load to the same simple form as is used in the solution of common flexural problems.” —132 
pages, price $2.00—$1.00 to ACI members. 


For further information about ACI Membership and Publications (including pamphlets 
presenting Synopsis of recent ACI papers and reports) address: 


AMERICAN CONCRETE INSTITUTE New Center Building Detroit 2, Michigan 
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Sources of Equipment, Materials, and Services 


A reference list of advertisers who participated in the Sixth Annual 
Technical Progress Issue of the ACI] JOURNAL—the pages indi- 
cated will be found in the February 1947 issue and (when it is 
completed) in V. 43, ACI Proceedings. Watch for the 7th Annual 
Technical Progress Section in the February 1948 JOURNAL. 


Concrete Products Plant Equipment page 
Besser Manufacturing Co., 902 46th St., Alpena, Mich..................0..... 735 
—Concrete products plant equipment 
Stearns Manufacturing Co., Inc., Adrian, Mich...... teal 725 
—Vibration and tamp type block machines, mixers and s skip loaders 
Syntron Company, Homer City, Pa.. rds Peat aie 776 


—Concrete vi rators, block and brick machine vibrators 


Construction Equipment and Accessories 


Blaw-Knox Division of Blaw-Knox Co., Farmers Bank Bldg., Pittsburgh, Pa...... 786-7 

—Truck mixer loading and bulk cement plants, road machinery, buckets, and 
steel forms 

Butler Bin Co., Waukesha, Wis.. fe .. 757 
—DMixing plants, cement handling equipment 

Chain Belt Co. of Milwaukee, Milwaukee, Wis.......... . 762-3 
—Mixers, pavers, pumps 

Chicago Pneumatic Tool Co., 8 E. 44th St., New York 17, N. Y..... . 772 

oncrete vibrator equipment 
Construction Machinery Companies, Waterloo, lowa...... 745 


—Batching and placing equipment, Jetcrete gun 
Dumpcrete Div. of Maxon Construction Co., Inc., 407 Talbott aide, , 


eS: sca PURER E etlanle) -nsulbaenes mt aden .. 759 
_ Hauling air-entraining concrete ~ 

Electric Tamper & Equipment Co., Ludington, Mich..... 736-7 
—Concrete vibrators, screeds, portable power plants 

Flexible Road Joint Machine Co., Warren, Ohio..... 754 
—Finishing and joint installing machines 

Fuller Co., Catasauqua, Pa.. . 740 
_ Unloading and conveying pulverized materials 

Heltzel Steel Form & Iron Co., Warren, Ohio.. Ss . 768-9 
—Pavement tension dowels, expansion joint beams 

Jaeger Machine Co., The, Columbus ,Ohio........... . 738-9 
—Concrete Paving Equipment 

Johnson Co., The C. S., Champaign, Illinois ........... ... 761 
—Automatic mixing plants 

Kelly Electric Machine Company, 287 Hinman Ave., Buffalo 17, N. Y......... 742-3 
—Floor finishing equipment 

Mall Tool Co., 7703 So. Chicago Ave., Chicago 19, Illinois...... . 748 
—Concrete vibrators 

Master Vibrator Co., Dayton 1, Ohio.................... vs eee 122-3 

oncrete vibrators and finishing screeds 

New Holland Manufacturing Co., Mountville, Pa..... aha .. 788 
—Crushing plants 

Richmond Screw Anchor Co., Inc., 816-838 Liberty Ave., Brooklyn 8, N. Y.. 771 
—Form tying devices 

Universal Form Clamp Co., 1246 N. Kostner, Chicago 51, Illinois........ 744 


—Form work, foundation panels 
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Viber Co., 726 So. Flower St., Burbank, Calif...... ' . 752-3 
—Concrete vibrators 
Worthington Pump and Machinery Corporation, Holyoke, Mass........ ee 


—Paving Mixers 


Contractors, Engineers and Special Services 


American Concrete Institute, New Center Bldg., Detroit 2, Mich.......... 792, 794-5 
—Publications about concrete 


Borsari Tank Corp. of America, 25 Broad St., New York 4, N. Y............... 749 
—Concrete tank structures 

L. Coff, Consulting Engineer, 198 Broadway, New York 7, N. Y... . 773 
—Engineering service for prestressed concrete 

Grid Flat Slab Corporation, 761 Dudley St., Boston, Mass.... . 746-7 
—Grid system of concrete construction 

Kalman Floor Co., Inc., 110 E. 42nd St., New York 17, N. Y... . 728-9 
—Floor finishing methods 

Prepakt Concrete Co., The, and mrepacentenis: Inc., Union Commerce Bldg., 

een G6. TEE... 6.404 de breecr Fa, a oh ee 731-4 
—Pressure filled concrete 

Raymond Concrete Pile Co., 140 Cedar St., New York 6, N. Y..... . 730 
—Pile foundations 

Roberts and Schaefer Co., 307 No. Michigan Ave., Chicago 1, Illinois.......... 756 
—Thin shell concrete roofs 

Vacuum Concrete, Inc., 4210 Sansom St., Philadelphia 4, Pa.... 766-7 

Forms and lifters with suction controlled concrete 
Materials 
Anti-Hydro Waterproofing Company, 265 Badger Ave., Newark N., J... wee. 790-1 


—Waterproofing 
Calcium Chloride Assn., The 1028 Connecticut Ave., N. W. Washington, D. C... 785 
Calcium chloride 
Dewey and Almy Chemical Co., Cambridge 40, Mass..... . 764-5 
Air-entraining and plasticising agents 
Haydite Manufacturers, Buffalo; Kansas city; Toronto; St. Louis; South 


Park, Ohio; San Rafael, Calif.; Danville, Illinois..... dite o Std bintaktss Aaa 
—Lightweight aggregate 
Hunt Process Co., 7012 Stanford Ave., Los Angeles 1, Calif.. 774-5 
Curing Compounds 
Inland Steel Co., The, 38 So. Dearborn St., Chicago 3, Illinois. . . 724 
—Reinforcing bars 
Lone Star Cement Corp., 342 Madison Ave., N. Y. 17, N. Y. . 726-7 
—Cements and cement performance data 
Master Builders Co., The, Cleveland, Ohio; Toronto, Ont. . 777-84 
—Air entrainment and cement dispersion 
Rail Steel Bar Association, 38 S. Dearborn St., Chicago 3, Illinois. ... ee 
—Concrete reinforcing bars 
Sika Chemical Corp., 37 Gregory Ave., Passaic, N; J....... 750-1 
—Waterproofings and densifier 
Techkote Company, 821 W. Manchester Ave., Inglewood, Calif... . 760 
—Concrete curing compounds 
United States Rubber Co., Rockefeller Center, New York 20, N. Y.. . 758 
—Form lining 
Testing Equipment 
Baldwin Locomotive Works, Philadelphia 42, Pa....... .. 721 
—Testing equipment 
Concrete Specialties Co., Coulee Dam, Wash.. 789 
-Testing machines, and equipment for capping ‘test ‘cylinders 4 
Gilson Screen Company, P. ©. Box 186, Mercer, Pa......... . 755 


—Mechanical testing screens 
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Current ACI Standards 


Minimum Standard Requirements for Precast Concrete Floor 
Units (ACI 711-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for the Construction of Concrete Farm 
Silos (ACI 714-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for the Design of Concrete Mixes 
(ACI 613-44) 


24 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Specifications for Cast Stone (ACI 704-44) 


4 pages: 25 cents per copy 


Specifications for Concrete Pavements and Bases (ACI 617-44) 
30 pages in covers: 50 cents per copy (40 cents to AC! Members) 


Recommended Practice for Measuring, Mixing and 
Placing Concrete (ACI 614-42) 


30 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for the Use of Metal Supports for 
Reinforcement (ACI 319-42) 


4 pages: 25 cents per copy 


Building Regulations for Reinforced Concrete (ACI 318-41) 


63 pages in covers: 50 cents per copy. (40 cents to ACI Members) 


Proposed ACI Standards 


Proposed Manual of Standard Practice for Detailing Reinforced Concrete 
Structures 


Reported by ACI Committee 315. It is a separate publication of large format, 
bound to lie flat and presents typical engineering and placing drawings with 
discussion calling attention to important considerations in designing practice. 
55 pages; $3.00 per copy. $1.75 to ACI Members. (Distributed to ACI 
Members in July 1946) 


The Nature of Portland Cement Paints and Proposed Recommended Practice 
for Their Application to Concrete Surfaces 


Reported by Committee 616 as information and for discussion only. 20 pages, 
25 cents per copy (Reprint from ACI JOURNAL, June 1942) 


Proposed Recommended Stresses for Unreinforced Concrete 


Reported by Committee 322 as information and for discussion only. 4 pages, 
25 cents per copy. (Reprint from AC] JOURNAL, Nov. 1942) 
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SYNOPSES of recent ACI Papers and Reports 





fertieto papers of this JOURNAL 
Vol. 18 which are currently avail- 
able. Unless otherwise noted sepa- 


rate prints are 25 cents each. 
Starred % items are 50 cents or more, 
as indicated. Please order by title 
and title number. 


REINFORCED CONCRETE COLUMNS 
UNDER COMBINED COMPRESSION 
EE. / cc, csdttesetennce tren 
HAROLD E. WESSMAN—Sept. 1946, pp. 1-8 (V. 43) 


Algebraic methods available heretofore for the analysis 
of the reinforced concrete column subject to combined 
compression and bending have usually involved the solu- 
tion of a complex cubic equation and have taken con- 
siderable time when applied to particular problems. A 
new method of successive approximations converging 
rapidly to an exact answer and avoiding the use of the 
cubic equation is presented in this paper. The key to the 
method is the reciprocal relationship existing between 
the load axis and the neutral axis of the transformed sec- 
tion. The method may be applied to any shape of cross 
section and any arrangement of reinforcing steel, provid- 
ing there is one axis of symmetry and the plane of bending 
coincides with this axis. The theory behind the method is 
presented and illustrated with three typical problems. 


EFFECT OF MOISTURE ON THERMAL 
CONDUCTIVITY OF LIMEROCK 

Di cchnssd ocsscssnesoccess GOR 
MACK TYNER—Sept. 1946, pp. 9-20 (V. 43) 


The coefficient of thermal conductivity, k, of limerock con- 
crete is a function of temperature, composition and density 
or moisture content. No attempt has been made to 
measure the effect of temperature on k. Holding the 
temperature reasonably constant, the effect of composi- 
tion on k has been measured for two limerock concrete 
mixes (1:5 and 1:7 by volume). The 1:5 mix has a k that 
is 10 per cent larger than the k for the 1:7 mix. 

With the temperature and composition held constant, 
the effect of moisture on k for the 1:5 and 1:7 mixes has 
been measured. The moisture content has a very profound 
effect on k, e.g. increases of moisture from zero to 5 per 
cent increases the k of 1:5 mix by 23 per cent and from 
zero to 10 per cent increases the k by 46 per cent. Con- 
cretes should be kept dry if their maximum heat insulation 
fect is desired. 


CEMENT INVESTIGATIONS FOR 
ULDER DAM—RESULTS OF 
TESTS ON MORTARS UP TO AGE 
TD svcidbsed povesooces se S0eD 
RAYMOND E. DAVIS, WILSON C. HANNA and 
ELWOOD H. BROWN—Sept. 1946, pp. 21-48 (V. 43) 


The effects of composition and fineness of the laboratory 
cements employed in cement investigations for Boulder 

upon strength, volume changes, and sulfate resistance 
of mortars, are reported for ages up to 10 years. For both 
wet and dry storage conditions, factors for each of sev- 
eral ages are given which indicate the contribution of 
each of the four major compounds present in portland 
cement to tensile and compressive strengths and volume 
changes. 


x ANALYSIS AND DESIGN OF ELE- 
MENTARY PRESTRESSED CONCRETE 
NT tis) whna ce sanctewes une: ae 
HERMAN SCHORER—Sept. 1946, pp. 49-88 (Vol, 43) 


The purpose of this paper is to outline the analysis and 
design of elementary prestressed concrete members, such 


as beams, columns, ties, etc., subjected to internal and 
external axial forces and bending moments. The internal 
stresses, caused by the action of the prestress forces, are 
combined with the stresses due to external loads in three 
typical loading stages. The first stage considers the stress 
condition mee He trom the simultaneous application of all 
sustained loads. The second stage determines the stress 
changes due to normal live loads, based on a truly mono- 
lithic participation of the entire concrete area. The third 
stage assumes a cracked tension zone, which condition 
introduces the derivation of ultimate stresses and clarifies 
the influence of the prestress action on the type of — 
The analytical expressions are simplified means 
convenient ratios, which essentially define the —< 
shape, the effective steel prestress, and the concrete fiber 
stresses. Numerical examples serve to illustrate the various 
steps. 


*STUDIES OF THE PHYSICAL 
PROPERTIES OF HARDENED PORT- 
LAND CEMENT PASTE 

(Part 1) Price 50 cents. .....sccccecee 43050 
(Part 2 and appendix) Price 75 cents...43-5b 
(Part 3) Price 50 cents....... 
(Part 4, appendix to parts 3 and: 4) Price 


Ris os 0 Anas taco nae one ke .+++-43-5d 
(Part 5) Price 50 cents........0000++++43-5e 
(Parts 6 and 7) Price 50 cents ......... 43-5f 
T. C. POWERS and T. L. BROWNYARD—Oct. 1946, pp. 





101-132, Nov. 1946, pp. 249-336, Dec. 1946, pp. 469- 
504, Jan. 1947, pp. 549-604, Feb. 1947, pp. 669-712, 
Mar. 1947, pp. 845-880 (V, 43) 
IN NINE PARTS 
Part 1, A Review of Methods That Have Been Used for 
Studying the Physical Properties of Hardened 
Portland Cement Paste 
Part 2. Studies of Water Fixation 
Appendix to Part 2 
Part 3. Theoretical Interpretation of Adsorption Data 
Part 4, The Thermodynamics of Aereptien 
Appendix to Parts 3 and 4 
Part 5. Studies of the Hardened Paste by Means of 
Specific-Volume Measurements 
Part 6, Relation of Physical Characteristics of the Paste 
to Compressive Strength 
Part 7. Permeability and Absorptivity 
Part 8. The Freezing of Water in Hardened Portland 
Cement Paste 
Part 9. General Summary of Findings on the Properties of 


Hardened Portland Cement Paste 


This paper deals mainly with data on water fixation in 
hardened portland cement paste, the properties of evapor- 
able water, the density of the solid substance, and the 
porosity of the paste as a whole. The studies of the 
evaporable water include water-vapor-adsorption charac- 
teristics and the thermodynamics of adsorption. The dis- 
cussions include the following topics: 


1. Theoretical interpretation of adsorption data 
2. The specific surface of hardened portland cement 
paste 
. Minimum porosity of hardened paste 
. Relative amounts of gel-water and capillary water 
The thermodynamics of adsorption 
The energy of binding of water in hardened paste 
Swelling pressure 
Mechanism of shrinking and swelling 
. Capillary-flow and moisture diffusion 
. Estimation of absolute volume of solid phase in 
hardened paste 
11. Specific volumes of evaporable and non-evaporable 
water 
12, Computation of volume of solid phase in hardened 
paste 
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13. Limit of hydration of portland cement 

14. Relation of physical characteristics of paste to 
compressive strength 

15. enema and absorptivity 

16. Freezing of water in hardened portland cement 
paste 


MINIMUM STANDARD REQUIRE- 
ENTS FOR PRECAST CONCRETE 
FLOOR UNITS eeeeeeeeeeeeeeeeeeeve 43-6 


REPORTED BY ACI COMMITTEE 711—O@. 1946, pp. 
133-148 (V. 43) In special covers 

Supersedes 40-17, 42-11. 

These minimum standard requirements are to be used as 
supplements to the ACI “Building Regulations for Rein- 
forced Concrete’ (ACI 318-41). With respect to design 
for strength, i. e., for bending moment, bond and shear 
stresses, all types shall be designed in accord with standard 
reinforced design theory and ACI 318-41. With respect 
to cover, there is in some cases departure therefrom 
justified by the greater refinement in the finished product 
when @ by factory methods with factory control. Pre- 
cast floor systems with |-beam type and hollow core type 
joists are covered. Appentes contains applicable sec- 
tions of the ACI code (ACI 318-41). This report, origi- 
nally published in Feb. 1944 Journal, has been revised by 
the committee and adopted by the Institute as an AC 
Standard, Aug. 1946. The committee consists of F. N. 
Menefee, Chairman, Warren A. Coolidge, R. E. Copeland, 
Clifford G. Dunnells, H. B. Hemb, Harve Kilmer, Glenn 
Murphy, Gayle B. Price, John Strandberg, J. W. 

Roy R. Zipprod?. 


arren, 


#%RECOMMENDED PRACTICE FOR 
THE CONSTRUCTION OF CONCRETE 
FARM SILOS eeeereee eee eeeeeeeeeee 43-7 


REPORTED BY ACI COMMITTEE 714—Oct. 1946, pp. 
149-164 (V. 43) In special covers 


Supersedes 40-10, 42-12. 


These recommendations describe practice for use in the 
design and construction of concrete silos—stave, block 
and monolithic, for the storage of grass or corn silage. 
The report is the work of the committee consisting of 
William W. Gurney, Chairman, $ W. Bartlett, Walter 
Brassert, Claude Douthett, Harry B. Emerson, William G. 
Kaiser, R. A. Lawrence, G. L. ese 4S McCalmont, 
Dalton G. Miller, C. C. Mitchell, K. W. Paxton, B. M. 
Radcliffe, Charles F. Rogers, Stanley Witzel. It was 
adopted by the Institute as an ACI Standard Aug. 1946. 


THE DURABILITY OF CONCRETE IN 
SERVICE 


F. H. JACKSON—Oct. 1946, pp. 165-180 (V. 43) 


This paper discusses the problem of concrete durability 
with reference primarily to highway bridge structures 
located in or subject to severe frost action. Four 
major types of deterioration are defined and illustrated 
and several specific matters which have bearing on the 
problem, including the effect of construction variables 

ern vs. old fashioned cements, air entrainment a 
the so-called “‘cement-alkali’’ aggregate reaction, are 
discussed. he report concludes with a series of 
recommendations indicating certain corrective measures 
which should be taken. 


WEAR RESISTANCE TESTS ON CON- 
CRETE FLOORS AND METHODS 
OF DUST PREVENTION eeeeeeeeeee 43-9 


GEORG WASTLUND and ANDERS ERIKSSON—Oct. 
1946, pp. 181-200 (V. 43) 


This paper presents a description of tests made on con. 
crete floor specimens of various types in order to determine 
their resistance to wear and to investigate the character 
of deterioration of concrete floor surfaces due to traffic. 
The results of these tests show that concrete floors pro- 
vided with finish courses containing coarse aggregate up 
to about 34 inch in size and an excess of pea gravel are 
definitely superior to concrete floors with a finish course 
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containing fine sand only which are common in Sweden 
at the present time. Moreover, this investigation has 
helped to elucidate the causes of the often very severe 
and detrimental dusting of concrete floors. The surface 
skin of concrete floors is of poor quality and is easily 
abraded. Dusting can be considerably reduced if the 
poor surface skin is removed by machine grinding provided 
that the concrete below the surface skin is of first-rate 
quality. The paper concludes by proposing a detailed 
tentative specification for concrete floor finish which 
differs in essentials from current Swedish practice. 


*LINING OF THE ALVA B. 
ADAMS TUNNEL..........-++++++-43-10 
RICHARD J. WILLSON—Nov. 1946, pp. 209-240 (V, 


The 13.03 mile Alva B. Adams Tunnel, excavated under 
the Continental Divide, as a part of the transmountain 
water diversion plan of the Colorado-Big Thompson Pro. 
ject, United States Department of the Interior, Bureau of 
Reclamation, is now lined with concrete. Lining equip. 
pow A a methods and aggregate process!ng aresde. 
scribed. 


REPAIRS TO SPRUCE STREET 
BRIDGE, SCRANTON, PENNA......43-11 
A BURTON COHEN—Nov. 1946, pp. 241-248 (V, 43) 


Repairs and reinforcements of the Spruce Street Bridge 
built in 1893 over the Lackawanna Railroad and Roaring 
Brook in Scranton, Pa. are described. The effective 
application of the ‘Alpha System-Composite Floor De- 
sign” reinforced the floor system at the same time a new 
concrete floor slab was laid. Concrete prices are in- 
cluded and eleven illustrations supplement the text of the 
paper. 


THE STRUCTURAL EFFECTIVENESS 
OF PROTECTIVE SHELLS ON REIN- 
FORCED CONCRETE COLUMNS. ...43-12 
F. E. RICHART—Dec. 1946, pp. 353-364 (V. 43) 


This paper presents a study of 108 plain, tied or spirally 
reinforced concrete columns. The columns were 7, 8 ai 
9 in. round or square, 45 in. ong, and the ties and spirals 
were 6 in. in diameter. 

The columns were loaded axially, with “flat” ends, 
Strains were measured and close observations were made 
of the initial failure of the protective shell. 

Analyses of the test results were made to see if the column 
shells were fully effective. This was the case with the 
shells of spirally reinforced columns, but the tied columns 
showed a slight deficiency in the strength expected on 
the basis of previous tests of the 1930 ACI column 
investigation. 

The test results lend support to the design methods pre- 
scribed in the current ACI Building Regulations for 
Reinforced Concrete. 


PRECAST CONCRETE STRUCTURES. . 43-13 
A. AMIRIKIAN—Dec. 1946, pp. 365-380 (V. 43) 


Precasting is becoming a major factor in the choice of 
reinforced concrete as a construction material because 
ever-rising cost of labor and materials. The advantages 
of precasting are not however confined to savings in cost 
and materials. Since it isa planned method of construction, 
comparable to factory production, its use also assures a 
better control of quality and speedier completion of the 
project. This article is an attempt to show how precasting 
can be utilized to provide the framing of a great variety 
of structures. The first part deals with bent type of framing 
as used in buildings, the second describes a novel type of 
framing consisting of precast cells, particu'ar y suitable for 
floating structures. 


COMPARATIVE BOND EFFICIENCY 

OF DEFORMED CONCRETE REIN- 
FORCING BARS.......+-0+0eeee00 0043-44 
ARTHUR P. CLARK—Dec. 1946, pp. 381-400 (V. 43) 


The purpose of the tests described was to determine the 
resistance to slip in concrete of 17 different designs 
deformed reinforcing bars. 
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The tests were of the pull-out type in which the bars were 
cast in a horizontal position, the depth of concrete under 
the bars and the length of embedment were varied. The 
slip of the bar was measured at the loaded and free end. 
Three tests were made of each variable for each design 
of deformation. 

It was established that a certain group of the bars was 
definitely superior to the others, in the sense that their 
average rating was significantly higher than the average 
of the others. Bars cast in the top position were much 
less effective than those cast in the bottom position. 


%PROPOSED REVISION OF BUILD- 
ING REGULATIONS FOR REIN- 
FORCED CONCRETE (ACI 318-41)..43-15 


REPORTED BY ACI COMMITTEE 318—Dec. 1946, pp. 
401-468 (V. 43) 


The report with its proposed changes has been released 
the Standard Committee for convention action. 
contents are fully explained in the title. The current 
“code” appears in full in larger type, the proposed 
changes in smaller type. Published for information and 
study prior to convention consideration. 


HIPPED PLATE CONSTRUCTION. . . .43-16 


GEORGE WINTER and MINGLUNG PEI—Jan. 1947, 
pp. 505-532 (V. 43) 


This paper discusses and illustrates a method of design 
and construction increasingly used in Europe since the 
early thirties, but hardly known in this country. Named 
“Faltwerke’’ abroad, such structures consist of rigid 
teinforced concrete boxes made up of slabs joining at 
various angles, without the aid of beams or girders. In 
view of the considerable rigidity of the box as a whole, 
such structures can be made to bridge considerable spans 
without intermediate supports in the form of columns, 
frames or trusses. The type of construction is particularly 
mame to bunkers, long span roofs, hangars, and the 
ike. 


The paper is essentially a digest of the very extensive 
European literature on the subject. It aims to discuss the 
essential design procedures, though not pretending to be 
complete with regard to questions of somewhat secondary 
importance. Originality is only claimed in the develop- 
ment of an appropriate, simplifying distribution method, 
the introduction of a consistent sign convention, and other 
substantial, practical simplifications. 


Examples of erected structures are illustrated, a design 
example ya and an extensive foreign bibliography 
is appended. 


HYDRAULIC STRUCTURE MAINTE- 
NANCE USING PNEUMATICALLY 
PLACED MORTAR...............- 43-17 


W. L. CHADWICK—Jan. 1947, pp. 533-548 (V. 43) 


Where exposed to frequent freezing and thawing cycles 
while saturated, concrete in hydraulic structures and on 
snow-covered flat or nearly flat surfaces suffers deteriora- 
tion which requires repair before the strength of the 
affected structure is seriously impaired. The principal 
causes of deterioration are enumerated, and several meth- 
ods of customary repair are discussed, with special mention 
of the methods employed in making repairs to a number 
of hydraulic conduits and dams in the high Sierras 
of California. 


MR. CHAIRMAN..........0+2+4+++43-18 
RW. CRUM—Feb. 1947, pp.613-616 (V. 43) 


The author “has fun” over the performance of chairmen 
t ieee ( pen mae meetings as he did on another 
occasion, with the authors’ presentations of their papers 
in “Technical Tedium or Otherwise.” ‘ 


OBSERVATIONS OF WAR 

DAMAGE TO CONCRETE AND TO 
CEMENT INDUSTRY PROPERTIES IN 
GERMANY........0-eeececeeccceee Abel 
MYRON A. SWAYZE—feb. 1947, pp. 617-628 (V. 43) 


While on a seven week trip through Germany making a 
survey of the German cement industry, the author observed 
damage to structures resulting from allied bombing. Types 
of German cement are compared with American cement 
and though German cements were generally considered 
as inferior to American, their high quality of concrete 
presented a paradox as seen in the durability of their 
roads. Illustrations show results of bombing on hotels, 
bridges, cement and industrial plants and dams. An 
interesting example of the use of a mound of gravel as 
form work tor an arch factory roof is described . The 
author believes American engineers could profit by a 
study of German examples of precast concrete. 


CRACKS IN CONCRETE.............43-20 
BYRAM W. STEELE—Feb. 1947, pp. 629-636 (V. 43) 


Crac's in concrete that are irregular and uncontrolled 
are objectionable. If causes were better understood, the 
elimination of cracks would be less difficult. Cracks are 
mainly due to one or more of the following causes: 1) 
lack of adequate investigation of all of the ingredients 
involved, 2) lack of sufficient advance planning to obtain 
satisfactory results; 3) lack of team work in the human 
element involved in this intricate manufacturing process, 
and 4) lack of teamwork (compatibility) in the ingredients 
which include alkali aggregate reaction and the use of 
argillaceous limestone and chert as aggregate. The 
modern laboratory's test procedure will not condemn many 
limestones and cherts that are capable of starting surface 
cracking. The elimination of unsound types is not at all 
a simple procedure. A suggested ABC procedure is 
offered toward the partial elimination of cracks: A to 
establish approved sources of aggregate with good service 
record, B thoroughly investigate new sources of supply 
subjecting them to all known tests including analysis by a 
petrographer; C study the design of every structure pro- 
pos with a view towards eliminating structural cracks 
by proper control of the design of the mix and the placing 
of the concrete and provide relief from volume change 
tensile stresses with designed cracks placed where they 
will not be objectionable, 


CONTRACTION JOINT GROUTING 
OF LARGE DAMS.........-+++++++43-21 
A. WARREN SIMONDS—Feb. 1947 pp. 637-652 (V. 43) 


The practice of the United States Bureau of Reclamation 
is to build large dams in blocks bound keyed joints 
to minimize cracking caused by shrinkage which is due to 
dissipation of the setting heat of the concrete. After the 
concrete reaches its minimum temperature the voids in the 
joints between the blocks are filled with cement grout 
under pressure to create a concrete monolith. This paper 
describes experiences in the development of the present 
grouting techniques and the actual process of grouting 
contraction joints in large concrete dams. Special 
reference is made to grouting at Shasta Dam. 


REPAIR OF CONCRETE CHIMNEYS 
WITH A MINIMUM_ OF _ INTER- 
FERENCE WITH OPERATION OF 
BONERS... cccsccccccccccccccscccc eh SeRS 


W. M. BASSETT and M. N. CLAIR—Feb. 1947 pp. 
653-668 (V. 43) 


Demolition of a concrete chimney at public utility plant 
provided an opportunity to study the relation of SOs 
content of the cross section of the shell to the condition of 
the concrete. This data used to supplement physical 
examination in determining necessity for repair of two 
other chimneys at same plant. Wartime conditions re- 
quired repair without plant shutdown. Methods em- 
ployed and results obtained are described in detail. 
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SOME PROBLEMS IN STRUCTURAL faulty conditions in earth and rock formations through 
FRAMING OF PRECAST CONCRETE which tunnels have been bored have been corrected i 
O S with treated mortars, a special concrete and through 
H APU es ve secccecenctveceececete © unconventional methods of applying them. T 
A. AMIRIKIAN—Mar. 1947, pp. 797-812 (V. 43) This oe “ees 9 of tunnel mainte. a 
The use of precast concrete elements in| le housi nance proviems, Q Cescription oF the mortar, conchae 
if projects places special emphasis mene nin cetera the an getess employed in the repairs of four select 
jl sea ag renin. i” order to — tull advantage of — 
: enelits inherent in the precast technique, it 
e that the design of the inealad oe theon tho: Solihaeee oe CONCRETE MIX DESIGN — A 
} tpat eanerl Y accorded to the structural onalysis ond MODIFICATION OF THE FINENESS 
| esign of any large and important structure. lo this F 
i criteria of design and the br mms ot inaainn _— MODULUS METHOD............... 43.25 
: predicated on theoretical as well as on practical con MYRON A. SWAYZE and ERNST GRUENWALD~ \ 
} svematinn 5 quate ateqvacy of strength, adaptability Mar. 1947, pp. 829-844 (V. 43) - 
mn to mass production and economy of construct S t P of th 1axi size oradinas 
j the problems cunnuntoted in the declan 2 ethene are S ee @ os pe gly a Bay na , oF ot re 
Ml discussed_jn this paper; and the application of the sic revealed that for each type and size of coarse eanres re 
¥ principles is illustrated by two examples outlining the constant value for fineness modulus will be 2 tole 
g arrangement and details of framing of two types of low for any workable mixture trom lean to rich, if the con 
i cost dwellings. is included in the modulus figures. While trial batches 
ha are still recommended tor previously unused aggregates 
; THE MAINTENANCE AND RECON. ra ameneton proposed for the old fineness modulys 
B= STRUCTION OF CONCRETE TUNNEL == thod permis he dexign of eaually workable, bach 
“4 LININGS WITH TREATED MORTAR single cement tactor. This materially reduces the number 
a AND SPECIAL CONCRETE.. hl 43-24 e test _ “ay — a range of cement contents are to 
4 e © USeC ith a set aggregates 
ie B. D. KEATTS—Mar. 1947, pp. 813-828 (V. 43) ee eathad desetadl i atieedation ot batches compen 
3 Defects in concrete tunnel linings such as disintegration, sates for differences in specific gravity of fine and coarse 
RS seepage, honeycomb, cracking and structural failures and aggregates. 
Be, 
hy 
BY 
q The AMERICAN CONCRETE INSTITUTE 
i) 
t 
dj is a non-profit, non-partisan organization of cig scientists 
builders, manufacturers and representatives of industries associated 
% _ . : . } t 
4 In their technical interest with the field of concrete. The Institute . 
q . . . . . . *. . 
¢ is dedicated to the public service. Its primary objective is to assist 
q its members and the engineering profession generally, by gathering a 
q and disseminating information about the properties and applications a 
q of concrete and reinforced concrete and their constituent materials. n 
A. . i . fi 
; For four decades that primary objective has been achieved b 
| . . y . . y 
, the combined membership effort. Individually and through com- 
7 mittees, and with the cooperation of many public and private n 
agencies, members have correlated the results of research, from both p 
field and laboratory, and of practices in design, construction and a 
manufacture. I 
The work of the Institute has become available to the engineering v 
| profession in annual volumes of ACI Proceedings since 1905. Be- a 
inning 1929 the Proceedings have first appeared periodically in g 
j the Journal of the American Concrete Institute and in many separate ts 
F publications. : 
, 8 
Pamphlets presenting brief synopses of Journal papers and 
reports of recent years, most of them available at nominal prices in 
F, separate prints, and information about ACI membership and special 
P publications in considerable demand are available for the asking. ig 
te 
New Center Building, Detroit 2, Michigan 
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The Institute—Today and Tomorrow* 


By HARRISON F. GONNERMANT 


Member American Concrete Institute 


SYNOPSIS 


The address of the retiring President at the 43rd Annual Convention in 
Cincinnati summarizes the activities and progress made by the Institute 
during the preceding year and outlines the plans conceived during the 
year for the future. The author objectively reveals the prospects for 
future growth of the Institute. 


For several years past the retiring Presidents in their annual addresses 
to the Institute have expressed their views as to desirable activities and 
objectives to which the Institute might well give serious attention. In 
addition, they have pointed out ways by which the more commonly 
accepted activities of the Institute might be improved in order to render 
more effective service and give a broader coverage of the many different 
fields in which the members are interested. 

There is no need to review the various suggestions which have been 
made for improving the Institute’s activities. They are recorded in the 
proceedings for those who wish to study them. It should be said, how- 
ever, that these suggestions have not gone unheeded. The Board of 
Direction has devoted much attention to developing ways and means by 
which the administrative and technical committee work of the Institute 
and the services it renders to the members and to the concrete field 
generally through its published literature might be improved, and has 
taken action to initiate some of the improvements that have been 
suggested. 

ORGANIZATION CHANGES 

During the past year the Board approved two major changes in admin- 
istrative organization that should enable the Institute more effectively 
to accomplish the objectives stated in its Charter which are: 


" Presented 43rd Annual ACI Convention, Feb, 25, 1947. 
tDirector of Research, Portland Cement tan be Be Chicago, Il 
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“to organize the efforts of its members for a non-profit public service in gathering, 
correlating and disseminating information for the improvement of the design, con- 
struction, manufacture, use and maintenance of concrete products and structures,” 
These two major changes provide for: 
1) The reconstitution of the Board of Direction, and 
2) the consolidation of the administrative responsibilities for the 
Institute’s technical activities in a new committee to be known as 
the Technical Activities Committee. 
The reconstitution of the Board of Direction provides for a Board of 
19 instead of 18 Directors made up of: 
1) A President elected for a l-year term 
2) Two Vice Presidents, one elected each year for a 2-year term 
3) Twelve Directors, four to be elected each year for a 3-year term, 
giving due consideration to geographical distribution and_pro- 
fessional diversification 
4) The three last Past Presidents who remain members of American 
Concrete Institute, and 


5) A Secretary-Treasurer appointed annually by the Board 





4 It is believed that if this reorganization of the Board is approved by 
5 the membership in By-Laws revision and letter ballot it will not only 
a provide for a good geographical spread in Board Membership but will also 
4 provide a good diversification in professional background and make 
¥ possible more frequent recognition, by election to the Board, of those 
4 Members who have rendered outstanding service in advancing the work 
a of the Institute. 


The newly created Technical Activities Committee will take over 
the functions previously delegated to the Advisory and Publications 
7 Committees. Acting underthe authority of the Board of Direction, this 
new committee will have the responsibility for the subject matter of the 
technical publications and convention programs of the Institute. It will 
also be responsible for the development of standards including recom- 
mended procedures and specifications, and for inaugurating and super- 
: vising all of the Institute’s technical activities which are directed toward 
¥ the attainment of the objectives stated in its Charter. 

The transfer of the responsibilities of the present Advisory and Pub- 
lications Committees to a single Technical Activities Committee will not 
disturb in any way the established functions of the Standards Committee. 
That committee will continue to administer and review the special 
responsibilities which have been assigned to it. 

{ The Technical Activities Committee will consist of nine members, 
be a Chairman appointed annually by the Board of Direction from among 
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its own members, the President, the Secretary-Treasurer, and six mem- 
bers of the Institute chosen by the Board of Direction. 

In order to give the committee the assistance needed to enable it to 
function effectively, a considerable number of the Institute’s members 
will be asked by the committee to serve as ‘“consultants.’’ These con- 
sultants will be selected from many diverse fields of interest in Institute 
affairs so that they will bring to the administrative work of the committee 
a broad background of specialized technical knowledge and experience. 
Thus this committee reorganization should result in greater efficiency in 
administering the Institute’s technical activities and in increased service 
to its growing membership. Furthermore, it should bring more members, 
many more than heretofore, into active participation in the Institute’s 
technical projects. 

The members of the new Technical Activities Committee have been 
appointed and the committee will begin to function following the ad- 
journment of this convention. 


PUBLICATIONS, COMMITTEE ACTIVITIES AND CONVENTION PROGRAMS 


In order to attain the objectives stated in its Charter, the Institute 
has depended upon its: 
1) Publications, 
2) Committee activities, and 
3) Convention programs. 


Publications 

The principal publication is the Journal of the American Concrete 
Institute, which consists of papers, committee reports, discussions, a Job 
Problems and Practice Department, current reviews of the literature 
prepared by the Institute’s reviewers, and a News Letter. 

Other important publications are: 

1) The annual bound Proceedings, 

2) Special publications of committee reports not adapted to Journal 
format, and of collected contributions in reprints, 

3) Standards, reprinted singly and in book form, 

1) Proposed recommended practices and manuals, and 

5) A Directory, published annually. 

During the current volume year, for the first time since the 1932 
volume, there will be 10 issues of the Journal instead of the usual 5, 6, or 
8 issues published in the intervening years. This increase in published 
Journal pages, amounting currently to about 75 per cent above last year, 
will give the members a broader coverage of current practices, opinions, 
and trends in concrete technology and therefore greatly enhance the 
value of ACL membership. 
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A special publication, entitled: ‘Proposed Manual of Standard 
Practice for Detailing Reinforced Concrete Structures’ was mailed to all 
Members in July 1946. This proposed Manual, the work of ACI Com- 
mittee 315, has had ready acceptance and is in such large demand that a 
second large printing was necessary. Publications, such as this one, not 
only perform the public service stated in the ACI Charter, but also 
bring in the added revenue that will enable the Institute to render even 
greater service to its members and to the public generally. One purpose 
in establishing the newly created Technical Activities Committee was to 
provide the organization for producing more publications of this type 
than has been possible heretofore—more publications close to practical 
interest—more publications that tell how to solve problems encountered 
on the job and how to put known facts to practical use in the field. 

Since just before the war the demand for several other available special 
publications of the American Concrete Institute and for separate prints 
of individual papers and symposia has greatly increased. An important 
factor in the demand for these separate prints has been the synopses 
pamphlets which are available without cost upon request. They make 
known what the Institute has to sell—the material with which it serves 
its members and the public. 

The annual bound volumes of ACI Proceedings are likewise in increasing 
demand for permanent reference. ‘To increase their usefulness, an index 
to all ACI Proceedings together with synopses of all the contents is being 
prepared. This new book of ACI references will not only be elaborately 
cross-indexed, but will contain synopses of all items indexed. ‘The first 
edition will cover nine or ten of the latest annual volumes. The next 
edition will cover the full Journal period back to 1929. Finally it is 
planned to bring into this reference volume all of the material in the Pro- 
ceedings back to 1905 when the Institute was founded. Such an index 
has long been needed and its publication will make available an important 
and useful tool for locating all the information that has been published by 
the Institute on a particular subject. 

An important 180 page publication, “ACI Standards-——-1946’’, issued 
during this year contains all ACI current standards. This book was 
published to make these standards more readily available for reference. 
It was sold in considerable quantity in the 1945 edition; the 1946 larger 
edition has but recently become available. 

The increased demand for so many of the Institute’s publications is a 
good indication that they are filling a very definite need. To retain and 
expand this interest in ACI literature many more useful publications on 
timely topics should be forthcoming just as soon as possible. 


Committee activities 
At present there are approximately 30 ACI technical committees. 
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Many of these have made progress in their assignments, but too many 
have been inactive in recent years for one reason or another. These 
inactive committees will either need to be reactivated or reorganized, 
if progress on the numerous problems awaiting solution through com- 
mittee studies and reports is to be made. 

The formation of the new administrative committee for coordinating 
the technical activities of the Institute has already been mentioned. If 
this new committee functions as intended it will have the important 
task of bringing many more ACI members than heretofore into active 
participation in ACI technical affairs. The successful accomplishment of 
this task would give a much needed stimulus to ACI technical activities 
by bringing into service competent workers of wide experience and 
interests. One of the first duties of this committee should be to review 
critically the past performance of all present technical committees 
and then take the necessary steps to increase the output of the kind of 
committee reports and recommended practices that help to solve the 
daily problems of those who look to the ACI for technical information and 
guidance. There is great need for reports of this character and their 
preparation and publication would greatly stimulate interest in ACI 
affairs and increase both membership and income. 

Consideration has been given by the Board to holding occasional meet- 
ings of the Board, or of a technical committee, in key cities throughout 
the country at which there would be given an appropriate program of 
technical papers. The purpose of such meetings would be to obtain 
closer contact with Institute Members in various regions of the country 
to advise them of the aims and policies of the ACI, and to bring the work 
of the Institute to the attention of prospective members. Plans are 
under way for holding such a meeting next fall. 


Convention programs 


Since the annual conventions of the Institute play such an important 
part in its efforts to “disseminate information for the improvement of the 
design, construction, manufacture, use and maintenance of concrete 
products and structures’, more consideration should be given to the 
development of convention programs that will be attractive to all in- 
terested in concrete and which will have wide appeal to the ACI audience 
generally. As has been suggested by one former President, the annual 
meetings should be broadened to include several papers of particular 
appeal to each of the fields of interest represented in ACI membership. 
Some of these fields of interest are not now being covered by convention 
papers and this condition should be corrected. 


Another Past President has suggested that one means of increasing the 
interest in the annual conventions would be by arranging for displays of 
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suitable exhibits. Although it may not be desirable to have exhibits at 
each annual convention, this suggestion might well be given a trial. 

Another means of attracting interest in convention programs would be 
the more frequent use of symposia on subjects of timely interest. like 
those on air entrainment held at the 1944 and 1946 conventions where the 
presentation of a formal lead-off paper on the subject was followed by a 
number of short discussions on the same subject. 

In order to build better convention programs it will be necessary to 
start planning for them much sooner than has heretofore been the case. 
To build a good, well-rounded convention program requires many months 
of effort and the sooner this effort is started the better the final program 
will be. Judging from past experience this task should be given early 
attention by the new Technical Activities Committee. 


MEMBERSHIP GAINS 


One of the most gratifying developments of the past year is the large 
number of new members. As might be expected the number of members 
in the Institute has risen and fallen with changes in the economic con- 
dition of the country. During the 1920’s the membership increased 
steadily at a rate of about 130 new members per year reaching a peak of 
2736 in March of 1929. During the early years of the depression the 
membership declined reaching a low of 1154 in 1934, From 1934 to 1945 
there was a very slow rise in membership but since the end of the war 
applications for membership have been received at an unprecedented 
rate and the prospects are excellent for a continuing steady growth in 
membership. In September 1946 the former peak of 2736 members was 
passed and on February 1, 1947, the total membership was 3136. — ‘This 
was 799 or 34 per cent more than on February 1, 1946. This good record 
of achievement was not the result of any high-pressure salesmanship but 
was largely the result of the following two factors: First, the great in- 
crease in sales of ACI publications, these publications having convinced 
those who bought them that membership in the Institute would be well 
worth while, and second, the direct efforts of many loyal members to 
interest others in the advantages of ACI membership and spreading 
knowledge of ACI as a good source of published information, It is hoped 
that this rapid increase in membership will continue. 

At the 1940 convention, President Richart, on the basis of a study of 
the membership classified in 10 groups according to employment and 
major interest, showed that we needed to inerease our membership in 
six of the ten groups. Since 1940 the membership in these 6 low groups 
has not increased much percentage-wise. Therefore these particular 
groups would seem to offer a fertile field for prospective members. It may 
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be that the Institute is not offering these groups the kind of papers and 
reports that appeal to them. This situation should be looked into and 
steps taken to correct any unfavorable condition that may be retarding 
membership growth in these fields of interest. 

There are those of us who believe that it is not impossible to attain 
a membership of 5 or 6,000 within the next few years if suitable means 
are employed to attract and hold new members. A committee of the 
Board is studying this question and it is expected that their recommen- 
dations can be put into effect at an early date. 


FINANCIAL CONDITION 


The financial affairs of the Institute are in good condition. Over the 
years both receipts and expenditures have paralleled the rise and fall in 
membership and have been in rather close balance most of the time so 
that it was not possible to add to surplus which in 1941 amounted to only 
a few thousand dollars. Beginning in 1942 there has been a slow but 
steady increase in surplus. This growth in surplus has resulted almost 
entirely from the revenue received from advertisers in the Technical 
Progress Section, This Section was first published in 1942 and since that 
year has been published once each year in the February number of the 
Journal. The Board has taken steps to explore ways and means of further 
increasing the advertising income of the Institute so that part, at least, 
of such revenue may be used in ways best adapted to expanding its 
activities and giving increased service to the members. 

Along with tereased membership and increased Journal pages and 
special publications have come increased expenses. Whereas for many 
years the staff at Headquarters consisted of only 3 people plus occasional 
temporary help, it has been necessary to increase the staff and it now 
numbers 8, with further inerease likely soon, Inerease in staff requires 
more Office space and more office equipment. Moreover, costs of paper 
and printing and other items of expense have increased greatly in recent 
years. In order to offset to some extent these increased costs and in view 
of the increase in the Journal pages and other printed material which the 
members will receive in the future, the Board has approved an increase 
in Corporation, Individual (United States and Canada but not in foreign 
countries), Junior, and Student Membership dues. If approved by re- 
vision of the By-Laws and by letter ballot of the members, these increases 
in membership dues will become effective July 1, 1947. This step was 
necessary to enable the Institute to render the services which are expected 


of it without placing an undue drain on its reserves. 
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CONCLUDING REMARKS 


In the foregoing remarks I have endeavored to outline briefly the 
present status of Institute affairs as well as to mention the prospects for 
future growth. There seems to be little doubt but that the time has 
arrived when the Institute should take aggressive steps to expand its 
activities in order to render greater and more effective service in the field 
of concrete than at any previous time in its history. 

It has often been pointed out that the members of the Institute are 
engaged in a mutual effort to achieve its chartered objectives. With the 
outlook for the future of the Institute so promising may we all give 
thought as to how we each individually may best help it achieve those 
objectives by participating in as many as possible of its various activities. 


In conclusion I wish to express my sincere appreciation to the members 
of the Headquarters staff, to the members of the Board, and to the many 
Members of the Institute who participated actively in its work for their 
individual and collective contributions to the accomplishments of the 
past year. 
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Oil Well Cementing Practice* 


By R. E. MOELLER 
and HAYDEN ROBERTS} 


Member American Concrete Institute 


SYNOPSIS 


Oil well cementing is a highly specialized service; special procedures 
and equipment are necessary to accomplish the desired results. Wells 
are cemented to eliminate contamination, to repair leaks in pipe, to 
reduce the depth of the hole and to correct various well conditions when 
necessary. This paper outlines the different. procedures and describes 
some of the equipment used, 


Some of the more fundamental problems encountered in well com- 
pletions are mentioned and the methods used to correct problems are 
briefly described, 


INTRODUCTION 


Oil well grouting, or “cementing” as it is known in the petroleum in- 
dustry, is probably more widespread than any other form of pressure 
grouting. It is a business which extends throughout the world wherever 
oil wells are drilled. The development of highly specialized equipment, 
accessories, related services, and new and improved operating techniques 
is constantly being studied by trained technicians maintained by various 
companies engaged in this work, and the major oil producing companies 
carry on research to study the chemical and physical properties of the ma- 
terials used in grouting service. Approximately 60,000 oil wells are 
grouted annually in the United States. 


Since oil well grouting has developed into a specialized service for the 
petroleum industry, a special terminology has grown up, which has be- 
come standard through constant usage. The word “grouting” is seldom 


*Presented 44rd Annual ACI Convention, Feb, 24, 1047 
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used. The petroleum industry always refers to oil well grouting as oil 
well “cementing”. Therefore, throughout the remainder of this paper, 
the term cementing will be used in preference to grouting. 

The petroleum industry dates its beginning with the drilling of Col, 
Drake’s famous well in 1859, eighty-eight years ago, but the first serious 
efforts to use cement as an aid in successful well completions began in the 
early years of this century, approximately 40 years ago. The first at- 
tempts appear crude when compared with present-day methods, but the 
results obtained indicated that the use of cement for preventing water 
from contaminating the oil producing sand was a logical approach to the 
problem. Early techniques, known as dump bailer and tubing methods, 
soon gave way to the two plug casing method introduced into the Cali- 
fornia fields by Perkins in 1911, and with that introduction, modern oil 
well cementing was born.* 


CEMENTING PROCEDURES 


Usually oil well cementing is accomplished for shutting off water from 
protective areas, preventing blowouts from high pressure oil and gas en- 
countered in sands through which the casing passes, and for protecting 
the casing from the corrosive action of waters. The support offered by 
the cement which bonds to the casing and the formation reduces the 
tension in the casing walls and makes it unnecessary to support the 
entire weight of the pipe from the surface. 

There are many other specialized reasons for cementing oil wells, and 
some of these will be described later, 

Generally at the start of the cementing operation drilling mud is 
pumped into the casing until returns are obtained on the outside. This 
is known as breaking circulation. Pumping is continued for some time 
until the operator is convinced that all drill cuttings and cavings have 
been removed from the hole and that the mud has a uniform consistency 
throughout the hole. The well is then ready to be cemented. 

The first step involves the insertion, into the casing, of a device known 
as a bottom cementing plug. This device, shown in Fig, 1, acts as a 
barrier between mud in the hole and the cement slurry which is to follow, 
It is #0 designed that should the plug stop at any point, the slurry might 
by-pass and continue on its way. 

After the bottom plug has been inserted in the pipe, a connection, 
usually known as a plug container, is serewed into the top of the string of 
casing. The plug container is a device which will contain a top cementing 
plug (Fig. 2 and 3) and which has a manifold built on the outside for 
carrying cement or mud either above or below the plug in the container, 


P *v. M, Tough; ‘Methoda of Shutting off Water in Oiland Gas Wella; Bureau of Mines Hulletin No, 164 
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Fig. 1—Bottom cementing Fig. 2—Top cementing Fig. 3—~Alll rubber top 
plug plug plug 


There is also an opening in the top of the device through which a wire 
measuring line may be run, by which the movement of the top of the 
cement can be followed as it travels down the casing. After the plug 
container has been placed on the casing, cement slurry is mixed and 
pumped into the casing below the top plug (Tig. 4) 

The top plug is a device which also acts as a barrier for fluids in the 
pipe. It is of much more rugged construction than the bottom plug and 
docs not have incorporated into it the by-passing feature. It is held in 
place, in the plug container, by means of a pin or plunger (Tig. 4) 

After the slurry has been mixed and pumped into the casing, the pin 
holding the top plug in the container is released. Manifold valves are 
then manipulated, switching the flow of fluid from below to above the 
plug. Drilling mud is then pumped into the casing forcing the plug to 
travel downward behind the mass of cement (ig. 5). 

The bottom plug, which was previously inserted, travels ahead of the 
cement until it reaches the float valve where it comes to rest (ig. 6) 
Slurry will pass by the plug and through the valve as long as pump 
pressure is mamtained on the top plug 

The float valve (hig. 7) Just mentioned is a back pressure valve in- 
serted in the casing as the pipe is being run. ‘This valve has the funetion 
of preventing fluid from entering the casing from the bottom and thus 
creates bouyancy which reduces the weight of the casing on the derrick 
The float, valve is usually placed in the first or second pipe joint above 
the bottom guide shoe (lig. 8) and the operator usually desires to stop 
the top plug on the float collar, It is important that some cement 
be left in the casing above the bottom guide shoe in order to assure firm, 
uncontaminated set cement around the bottom of the pipe. After the 
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Fig. 4—Basic casing jo job. comet slurry being 
pumped into casing below top plug. Bottom plug IS 
acting as barrier between drilling mud and slurry 3 


top plug has been stopped at the desired piont, a valve on the injection 
line at the well head is closed and the measuring line is removed from the 
well. 

The cement slurry usually will be heavier than the mud used in the 
well, When the heavy body of cement slurry starts downward in the 
casing replacing the mud (Fig. 4, 5 and 6), the hydrostatic pressure will 
increase, The differential of the fluid columns inside and outside of the 
pipe causes the slurry to move down under its own weight frequently 
producing a vacuum at the well head. When the hydrostatic pressures 
inside and outside the casing are equal, pump pressure will be that only 
which is necessary to overcome fluid friction. From that point on, until 
the slurry has been pumped from inside the casing, the pump pressure will 
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increase due to the heavier column of slurry rising on the outside of the 
casing. 

As the cement is pumped down the hole, the progress of the top plug 
downward is followed by a measuring line. The line, which is a high 
tensile steel wire, carries a weight which when contacting the plug 
gives a definite “feel” to the operator, A measuring head at the surface 
includes a counter which indicates the number of feet of line in the hole 
and thus denotes the position of the plug. 

A considerable amount of skill is required in running a measuring line 
behind a plug. As the hole becomes deeper, the mud heavier and more 
viscous, or the hole becomes more crooked, it is increasingly difficult to 
obtain a satisfactory feel of the weight on the plug. ‘Therefore, in some 
cases, it is not prudent to use a measuring line. ‘This is especially true in 
deep wells, 
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Fig. 6—Basic casing job. Bottom plug resting on 
float collar allowing slurry to by pass 








If no measuring line is used, the progress of the plug and top of cement 
downward through the casing is controlled by the displacement method. 
The displacing fluid is measured and when a calculated amount has been 
pumped into the casing, the cement should have reached its desired 
point. 

Operators using the displacement method usually continue a_ step 
further and “bump the plug”. This means that pumping continues until 
the top plug has reached the float valve. At that time, a sudden upsurge 
of pressure will be noted and pumping is stopped. 


Water-cement ratios 

Cement slurry used for cementing strings of casing is mixed in various 
water-cement ratios. The usual unit used to indicate this ratio is lb. per 
gal.; although on the Pacific Coast, the usual unit is lb. per cu. ft. The 
weight of slurry used depends on many things such as the depth of the 
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Fig. 7—Float valve Fig. 8—Guide shoe 


well, size of the bore, size of the casing, the temperature in the well, the 
amount of cement to be run and very likely on a human factor which 
we must consider. However, a good average cement slurry for use be- 
hind the casing will be approximately 151% lb. per gal. which will have a 
water-cement ratio of approximately 5% gals. per sack. Considerable 
thought is being given to the weight of slurry by petroleum engineers, 
and more and more care is being taken in cementing wells to make the 
slurry fit the job at hand. 

After the cement has been placed back of the pipe, it is allowed to set 
until such time as the operator feels that it is of sufficient strength to 
withstand the weight of the string of casing imposed thereon. Further, 
it must withstand the shock of the drill bit and drill pipe working in the 
casing. 

Fig. 9 is a schematic drawing of a completed basic cementing job. 

When oil well cementing was first introduced, ten days were usually 
allowed for cement to set. As time went on, it was discovered that the 
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Fig. 9—Completed basic casing cementing job 


setting time could be successfully reduced, until at the present time few 
operators require more than forty-eight hours. Some of the leading 
petroleum engineers are now advocating that this time be reduced still 
further. It is claimed that it is necessary to wait only until the tensile 
strength of the set cement reaches the point where it will withstand 
the weight of the pipe plus the closed-in pressure on the well head. ‘Tests 
have shown that eight to ten hours is usually sufficient time for the set 
cement to reach this value.* 


MULTIPLE STAGE CEMENTING 


In addition to the regular straight cementing job, there are many 
specialized jobs such as multiple stage cementing, squeeze cementing, 
plug back, etc. A multiple stage cementing job is performed through a 
device that has been inserted in the string of casing as it is run. This 
device primarily is a long casing collar with a number of ports covered by 
movable sleeves. Special plugs are used with this device and are ar- 
ranged in the column of fluid to open and close the ports whenever the 


*R. Floyd Farris; ‘Method for Determining Min. Waiting on Cement Time.” A. I. M. M. E. Tech. 
Publication No. 196% 
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operator so desires. ‘This method of cementing is particularly adaptable 
in deep wells where large quantities of cement are required behind the 
pipe. We have shown that the pressure might become excessive after 
the column of cement has risen several thousand feet and collapsed pipe 
might occur. Therefore, the practice of putting the cement into the 
well in two stages at two separate levels reduces this hazard and yet 
provides adequate cement coverage. 

In performing a multiple stage job, the quantity of cement required 
to fill the hole outside the casing from the casing shoe to the device is 
calculated. An excess of this caleulated quantity is usually added for 
sake of assuring the operator complete coverage up to the point where 
the device is inserted in the pipe. The calculated quantity of cement is 
mixed and pumped into the casing in the regular manner, however, diff- 
ering from the regular cementing job in that no plug container is used. 
As stated above, special plugs for performing this type of work are used. 
After the cement has been pumped into the casing, it is followed with 
enough mud to displace the slurry from the device to the casing shoe. 
This mud is followed by a plug, known as the opening plug. Above the 
opening plug a second stage of cement slurry is pumped into the pipe. 
The first stage passes the device out through the bottom of the casing, 
and upward around the outside, as in an ordinary cementing job. If all 
calculations are correct, cement slurry will be around the outside of the 
casing, from the bottom of the pipe to slightly past the device, when the 
opening plug reaches the tool. Inside the pipe, below the device, the 
casing will be filled with mud except for possibly the bottom 20 or 30 
ft. The opening plug, which now has contacted the sliding sleeve, will 
open the ports and give the second stage of cement access to the hole 
through these ports. A second plug, which is known as the closing plug, 
is placed immediately above the second stage of cement. When this 
plug reaches the device, it contacts a second sleeve somewhat larger in 
diameter and forces that sleeve over the ports closing the tool. As men- 
tioned above, this device is a very valuable tool where high cementing 
pressures are encountered, but it requires considerable skill in making 
the proper calculation; for if the volume of mud pumped into the casing 
between the first and second stage is too great, the casing shoe will be left 
uncemented. On the other hand, if the quantity of mud separating the 
two stages is too small, an excess of cement will be left in the pipe and 
cement coverage on the outside probably will not reach to the height 
desired. 


SQUEEZE CEMENTING 


Squeeze cementing is a comparatively new application of oil well 
cementing practice. It is used as a remedial measure for correcting some 
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undesirable feature after the well has been completed, usually for the 
purpose of stopping the flow of water into the well. However, it also is a 
method of reducing the gas-oil ratio in a well. It has become common 
practice in most high pressure areas to set the oil string through the an- 
ticipated oil producing zones. After this string of casing has been ce- 
mented, it is perforated by using an electrically fired gun. Sometimes, 
the pipe is perforated at the wrong level and instead of producing oil, 
it will produce large amounts of water. In this case, the well will be 
squeezed. That is, cement will be forced into the water producing zone, 
shutting off its flow. Later, the well may be again perforated at a slightly 
higher level. Should the perforations come in the gas cap above the oil 
producing zone, a squeeze job will normally be attempted, to reduce the 
flow of gas. Sometimes during the cementing job, channeling occurs 
which allows upper waters to enter the oil producing zones and the well 
will produce water with the oil even though the perforations are in the 
proper place. This condition also calls for a squeeze job. 

Squeeze cementing normally requires higher pressures than an ordinary 
casing job; and therefore, a different technique must be applied. The 
pressure applied frequently is so great as to endanger the casing itself; 
therefore, a special tool has been developed for use in performing work 
of this type. This tool is commonly referred to as a cement retainer. 
It is primarily a packer which is run on a string of tubing or drill pipe. 
The packer is set in the casing a short distance above the point to be 
squeezed. The tubing or drill pipe is then connected to the cementing 
pumps at the surface and water is pumped down the well into the forma- 
tion. When pumping first starts, the pressures are high but after a time, 
this pressure generally drops somewhat and again levels off. This is 
referred to as breaking down the formation. After the break-down 
pressure has been reached, a predetermined quantity of cement is mixed 
and pumped into the well. This cement slurry is displaced with mud or 
water and as it enters into the formation, it gradually builds up pressure. 
Pumping is continued until the pressure rises to a point beyond which 
danger of the casing collapsing might occur. If the desired pressure is 
reached before all the cement is displaced from the tubing or drill pipe, 
the excess cement is washed from the hole by reverse circulation. There 
are times however, when the first calculated quantity of cement is not 
sufficient to successfully complete the job. In that case, one or more 
additional stages of cement are required to build up the required back 


pressure. 

Cement retainers are of two types, drillable or removable. After the 
squeeze job has been completed, when using a drillable retainer, the 
tubing or drill pipe is disconnected from the retainer by means of a back- 
off joint and pulled back from the hole. After the cement has set, the 
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retainer and any excess cement in the hole is drilled out. The removable 
retainer is by far the most popular type since it eliminates a long and 
costly drilling job. 


PLUG BACK 


Frequently, for one reason or another, it is desirable to reduce the 
depth of the hole. This may be done to shut off bottom hole water or 
it may be that the lower producing zone has become depleted and is to 
be abandoned in favor of one higher up the hole. Or again, it may be 
desirable to plug back in order to straighten a crooked hole. In any of 
these cases, tubing or drill pipe is run close to bottom and the amount of 
cement calculated to bring the top to the desired level is mixed and 
pumped into the hole through tubing or drill pipe. The tubing is then 
raised to a point above where the top of the cement is desired and 
washed out, usually by reverse circulation. After the cement has set, 
the top is measured and should it be found lower than anticipated, addi- 
tional cement is injected into the hole in the same manner. Plugging 
back is usually considered a simple and easy cementing job. 


LINER SETTING 

After the oil string has been set and cemented, it may be necessary to 
drill the well deeper leaving a long section of open hole exposed. If this 
condition exists, it frequently is desirable to run a liner to protect the 
bottom portion of the hole. This liner, which also must be cemented, is a 
short string of casing of a smaller diameter and which extends a short 
distance upward into the oil string. The liner is run to bottom on a 
string of tubing or drill pipe and is attached thereto by means of a device 
known as a liner setting tool. 

After the liner is in place, a predetermined quantity of cement is mixed 
and pumped into the well through the tubing or drill pipe. The slurry 
is placed by using the displacement method and no plugs are used. When 
the cement is in place, the liner will be released from the tubing or drill 
pipe by means of a back-off joint in the setting tool. The tubing will 


then be washed out by reverse circulation and removed from the well. 


REPAIRING LEAKS 


There are times throughout the life of a well when leaks may develop 
in a string of casing. These leaks may be caused by split pipe, bad 
couplings, or other causes. If the well has been placed on production, it 
will first be necessary to place a bridge or solid plug immediately above 


the producing horizon to protect that zone while the remedial work is 
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being performed. After the plug has been placed, the next step is to 
determine the point at which leakage occurs. This may be done in two 
ways: first, by pumping a top cementing plug down the casing with water, 
The plug will travel down the casing until it passes the leak. A second 
and alternate method requires the use of a removable cement retainer. 
This tool may be lowered into the hole on tubing to various depths and 
pressure applied. When it reaches a point where it will hold pressure, the 
tool is below the point of leakage. It may then be lifted until it reaches a 
point where the well will not hold pressure. Thus the point of leakage 
will definitely be established between two limits. The leaks are then 
repaired in much the same manner as an ordinary squeeze job, using, of 
course, considerably less cement. There is nothing very difficult about 
repairing a leak in casing except that care must be taken in order that too 
much pressure is not applied, especially in old wells where the pipe is 
weak and partially corroded. 


CEMENTING PROBLEMS 


All of the various types of cementing jobs as described seem com- 
paratively simple, but unfortunately, unforeseen factors frequently 
enter into operations placing the planning engineer in a difficult position. 
These problems can be held to a minimum only by experience and by 
exercising caution. One of the first considerations in planning a job is to 
determine the quantity of cement required. As mentioned earlier in this 
paper, it is desirable to have the cement on the outside 6f the pipe covering 
shallower potential producing zones. Therefore, before a cementing 
job can be planned, the engineer must know the position of these zones. 
This information can be determined from drilling logs, electric logs, and 
other geological data obtained before casing is run. He will determine 
the area of the annulus between the well bore and the outside of the 
casing and base the quantity of cement required to fill that annular space 
to a predetermined height, on a set volume of 1.1 cu. ft. per sack of 
cement. While drilling a well, many soft formations are encountered 
which produce caves or portions of the hole enlarged to greater than the 
drift diameter of the bit. The engincer has a tool, known as an open hole 
caliber, which when run in the hole on an electric cable records at the 
surface a continuous log of the size of the hole. He uses this information 
in determining the volume of the annular space and the quantity of 
cement required. 


Some of the factors which adversely affect a cementing job are channel- 
ing, high temperature, loss of return and improper fillups. Channeling 
may be caused by the mud in the hole being of high viscosity. It is 
necessary that a certain weight and viscosity be retained by the mud in 
order to prevent a well from blowing out, the walls from caving, and to 
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majntain a proper filter cake on the walls. However, excessive viscosity 
and weight will produce channeling and also abnormally high cementing 
pressures. It is, therefore, very important that the mud be well con- 
ditioned before a cementing job is undertaken. The science of condi- 
tioning drilling mud is being given extensive study by all drilling operators 
and many companies keep mud engineers on the job throughout the 
entire drilling period. Another consideration in planning a cementing 
job is the rate of displacement of the slurry in the pipe. The rate of dis- 
placement, of course, directly affects the velocity of the slurry upward 
through the annulus. It is believed by some engineers that a high velocity 
will produce channeling and thereby leave areas back of the pipe without 
a sufficient cement shield. Other engineers take an exactly opposite 
stand. It is not the intention of this paper to discuss the merits pro 
and con of this argument, but nevertheless, this factor is considered when 
planning a cementing job. 

Serious hazards are often encountered while cementing casing by the 
loss of returns. As the well is drilled, it frequently passes through porous 
zones which take fluid freely. A mud filter cake, formed while drilling 
the well, seals these zones so that no difficulty is encountered during 
drilling operation. However, the pressure required to lift the column 
of cement back of the pipe may be sufficient to break down this filter 
cake, and all or part of the slurry will escape outward into the porous 
formation instead of rising back of the pipe. As the cement slurry travels 
upward in the annular space back of the pipe, it also tends to scour the 
filter cake from the wall of the hole and this scouring action, rather than 
pressure, may uncover a porous zone and cause a loss of returns. Loss of 
returns, of course, effects an anticipated fill-up and may leave a shallower 
sand exposed as a potential source of future blowouts, contamination or 
corrosion. In addition to being the result of either channeling and lost 
returns, improper fill-ups may be caused by the annular space being en- 
larged during drilling operations. This problem was mentioned above in 
connection with the use of the caliper tool and the use of that tool enables 
the operator to minimize miscalculations due to an enlarged hole. 


MATERIALS 


As the science of oil well cementing became more and more com- 
plicated due to increased depths, higher pressures, ete., specialized 
cements and admixes were required to properly perform the functions 
desired. The development of retarded cements became necessary. In 
addition, high early strength cements came into common usage in the 
industry. At the present time, the industry requires the use of high 
early strength cement, regular cement, retarded cement and sulfate 
resisting cement. Frequently, several combinations are used throughout 
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the cementing of a long string of casing. In addition, various combina- 
tions of admixes are added to these cements. All of this calls for careful 
planning on the part of those responsible for performing a good cementing 
job, and each type or combination has its specific use in its own special 
place. 

Regular portland cement originally was the only material available 
for oil well cementing. Its physical and chemical properties were suitable 
for the uses that were required of oil well cement at that time. The wells 
were shallow and the bottom hole temperatures were low. The working 
time was ample for placing the cement slurry in the wells. 

Wells began to be drilled deeper about 1928. ‘The temperature in the 
wells increased due to the natural earth temperature-depth gradient. 
There were found in several areas extreme temperature conditions which 
were much greater than the normal temperature-depth gradient. It is not 
uncommon to find temperatures in excess of 350 F in the bottom of many 
holes. 

The use of ice as a cooling medium was introduced. It was placed in 
the mud pits and the mud was circulated over the ice until the tempera- 
ture was lowered many degrees below the surface temperature. Many 
tons of ice were required on each well. The cooled mud was circulated 
through the well until the bottom hole temperature was lowered to the 
extent that the slurry could be safely used. 

The conditions mentioned above caused the oil industry to realize that 
regular portland cement was no longer adapted to cementing the deep, 
high temperature wells and they turned to the oil well service companies 
for a new material. The cement industry was approached, which at that 
time did not realize the need for the new cement. The quantity of the 
new material needed by the oil industry was very small as compared with 
the quantity of regular portland manufactured and the cement industry 
was not interested in making a new cement product which would require 
a change of production methods. A premium price for a retarded cement 
was an added incentive for making a new cement but the research efforts 
were slow. 

One of the oil well service companies sponsored a research effort for the 
retardation of portland cement which produced favorable results by 1935. 
These results were presented to a major portland cement manufacturer 
who offered a portland cement with a retarded set to the oil industry. 
Then other cement manufacturers came forward with similar products. 

High early strength cements were introduced into the oil industry in 
the early twenties and their use lessened the drilling time by several days. 


A considerable quantity of high early strength cement is now used in 
the oil fields for setting surface pipe, the large diameter pipe which is 
first set to a depth of about 500 ft. when a deep well is to be drilled. 
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Then calcium chloride solution began to be used for accelerating the 
set of portland cement. The concentrated solution was put in five gal. 
metal containers with fancy lithographic labels and sold under various 
trade names. The solution was added to the water used for mixing the 
cement slurry. 


Admixtures in portland cement slurries are used for unusual conditions 
which may arise in setting casing or doing remedial work in oil wells. 
The admixtures used are: bentonite, galena, cellophane flakes, vermicu- 
lite, and various fibrous materials. When a small percentage of bentonite 
is added to cement, the high colloid content will prevent the settling of 
the cement particles when a high water cement ratio is used. The in- 
creased water cement ratio creates a slurry with less weight per unit 
volume which is desired in some instances so that the hydrostatic pressure 
of the cement slurry column can be lessened. Galena is added for the 
opposite reason: that is, to increase the specific gravity of the cement 
slurry. Cellophane flakes and various fibrous materials are used to 
create a bridging condition in open porous formations penetrated by the 
bore hole. The use of these materials prevents the cement slurry from 
being lost into porous formations. 


The equipment and procedure used for testing cement is radically 
different from the ASTM standard. Efforts are being made at the 
present time by the American Petroleum Institute to set up specifications 
and common procedures for making these tests which will conform more 
closely to accepted standards. Oil well cements are now tested in the 
laboratory maintained by one of the oil well cementing companies as 
follows: specific surface determination, compressive strength, initial 
setting time and pumping time. 

Specific surface determinations are made with the Wagner Turbidi- 
meter according to the ASTM standard procedure. Valuable data is 
thus obtained for there is a direct relation of the surface area to the 
setting and pumping time, and the maximum quantity of water that can 
be used for mixing the cement. 


Compressive strength tests are made with a Southwark-Emery machine 
on two-in. cubes which have been aged in water baths with temperatures 
similar to those encountered in oil wells. 

Initial setting time tests are made with the Gilmore needle on the 
slurry using a water-cement ratio of 41% gal. per sack. 

The pumping time tests are made on apparatus designed to simulate 
oil well conditions. This test indicates the time available for pumping 
and placing cement slurries in wells of various depths and temperatures. 














os lt 


Rey ore 


908 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 1947 


EQUIPMENT 


Up to this point, we have discussed different cementing procedures, 
problems, materials, etc., but have not covered, except briefly, the 
equipment and tools necessary to accomplish the results desired. 


For the purpose of mobility, cementing equipment is usually mounted 
on a truck. There are two main types: motor driven and steam driven. 
Fig. 10 and 11 show these two types of equipment. Motor driven 
equipment derives its power from the truck engine through a power take- 
off and such auxiliary engines as may be necessary. Steam equipment 
consists of several steam pumps mounted on the truck. The pumps are 
supplied with steam from the boilers used in drilling. A cementing 
truck consists of two principal divisions: the mixer and the cementing 
pump. Most commonly used is the hydraulic jet mixer. This device 
functions by forcing a stream of water through a jet, across a bowl into a 
discharge pipe. The stream of water passing through the bowl creates a 
vacuum which pulls the cement into the bowl from a hopper, and as the 
cement enters the stream of water, it is thoroughly mixed in the turbulent 
flow occurring within the discharge pipe. Mixers of this type are capable 
of mixing a maximum of 50 sacks per minute with water-cement ratios 
ranging from 41% gal. per sack upward. Various types of mechanical 
mixers have also been used with varying degrees of success. The jet type 
mixer has the advantage of giving a more thorough mix at high rates 
but lacks some of the control of water-cement ratios inherent in a mec- 
hanical mixer. However, an experienced operator can control the water- 
cement ratio in a jet type mixer within the tolerance limits of plus or 
minus 1% gal. of water per sack. 


The cementing pumps are specially designed for this particular type of 
service. They must have a delivery rate of 175 to 200 gpm. or more and 
must be capable of pumping against whatever well pressures the operator 
may encounter. In recent years, these pressures have reached 10,000 psi 
or greater. The pumps must be light in order that they may be success- 
fully mounted on the cementing truck, and they must be simple in con- 
struction so that any repairs, other than major breakdowns, can be made 
in the field. Cementing pumps are equipped with rather elaborate mani- 
fold, to allow for various types of hook-ups, and, as in the case of the 
steam pumps, they may be compounded to get the maximum pressures 
desired. 


Most cementing trucks are equipped with a divided water tank. This 
tank is used as a reservoir for holding mixing water during cementing 
operations. It is also equipped with gaging devices so that it may be 
used in measuring mud or water, whenever the operations call for a dis- 
placement job. 
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Fig. 10 (top)}—Motor driven cementing equipment 


Fig. 11 (bottom)—Steam driven cementing equipment 


Prior to 1940, all cementing jobs used sack cement. This cement was 
stacked on the location adjacent to the truck setup and was dumped into 
the mixer hopper by hand. This operation called for.a large number of 
special workmen and in cases where a large quantity was being mixed, 
it became an arduous task. In 1940, the Halliburton Oil Well Cementing 
Co. introduced the use of bulk cement in oil well cementing practice. 
This required the development of specialized equipment. 


To enter an oil field and operate efficiently with bulk cement, it is first 
necessary to erect an unloading plant. The first plants were the ordinary 
bucket elevators used around most construction jobs. However, the use 
of weight-batchers was soon discontinued in favor of platform scales. In 
addition, storage bins were built as part of the plant, capable of storing 
several thousand sacks. When this service was first introduced, much of 
the cement was delivered in box cars which necessitated the use of ex- 
pensive unloading equipment. However, at the present time, hopper 
bottom cement cars are used almost universally. 


For transporting cement from the elevator to the location where the 
well is being drilled, semi-trailer hauling units are used. ‘These units 
have weather-tight bodies and discharge from the rear by means of two 











910 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 1947 


power-driven conveyor screws. Some of these units are capable of 
hauling as much as 500 sacks per load; but due to stricter highway laws, 
the maximum load limit at’the present time is approximately 250 sacks. 
A new type of hauling unit has been recently developed consisting of a 
large drum equipped with internal flights and mounted on a semi-trailer. 
This large drum rotates and discharges the cement at the rear of the 
trailer, in much the same manner as a transit concrete mixer. The 
advantage of this particular type of equipment is a saving in weight 
allowing for the hauling of larger pay loads and still remaining within the 
legal weight limits. 


In many fields, and especially in West Texas, some casing jobs call for 
as much as 4000 or 5000 sacks of cement. 2500 sack jobs are common. 
Jobs of this size require the services of a large number of hauling units 
and tend to impose a serious transportation problem upon the delivering 
company. High delivery costs are the direct result. Several methods of 
portable field storage have been devised whereby the service company 
may deliver and store the bulk cement at the well site several days in 
advance of anticipated operations. These storage bins range from 800 
to 1200 sack capacities and may be set up and loaded more or less at 
leisure before cementing operations begin. Thus, a tie-up of long lines of 
expensive hauling equipment is avoided. 


Oil wells are drilled in many inaccessible places, thus adding to the 
difficulty of well cementing service men. Some of the most prolific 
fields producing at this time are located in the swamps of Louisiana. 
Since cementing trucks weigh 30,000 lbs. and upward, one can easily 
imagine the difficulties involved in taking one of these units miles from 
paved highways into swampy locations. As one travels through that 
part of the country, one sees many corduroy or plank roads leading from 
the main highways. This is usually the means of access to wells isolated 
deep in the swamp and woe be to the truck driver who allows his equip- 
ment to slip from this precarious footing. At the other extreme are the 
sandy wastes of West Texas and New Mexico. Transporting a huge 
cementing truck through loose wind-blown sand presents almost as much 
of a problem as do the bottomless swamps of the southland. 


Many wells are now being drilled in the Gulf of Mexico and in the 
lakes throughout the country. Access to these locations presents still 
another problem to the cementing service men. The trucks and cement 
are usually loaded on large flat-top barges and towed to the location 
with tug boats. However, at the present time, special cementing service 
boats are being built to handle these water jobs. These boats will carry 
approximately 2000 sacks of bulk. cement, plus the necessary cementing 
pumps. This equipment will ply in and out of the intra-coastal canal, 
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between strategically located docks and the fields located on the Con- 
tinental Shelf in the Gulf of Mexico. 

There are still other types of fields which present the operators with 
difficult transportation problems. The mountain fields located in the 
Rocky Mountains and in Pennsylvania and West Virginia make driving 
to these locations very hazardous and much equipment has been lost and 
wrecked due to sliding off of winding roads and plunging down the 
mountain side. 

There are some locations however in which the terrain does not present 
the major transportation hazard. These locations are usually in the 
center of industrial areas and the transportation hazard involved is 
created by heavy traffic on city streets. The locations to which we refer 
are usually water wells, since the basic principles and methods used in 
cementing oil wells may also be applied to the cementing of wells which 
produce water for municipalities and industrial uses. 


CONCLUSION 


This paper has attempted to show that oil well cementing is a highly 
specialized service, requiring skilled men to perform that service in the 
most efficient manner. Upon the efficiency of their performance depends, 
to some extent, the difference between profit and loss to an oil operator. 
As mentioned earlier, improvements are constantly being made in the 
technique and equipment. When looking back over the progress made 
in this field, and considering the problems with which we are now con- 
fronted, one realizes that the industry is still in its infancy and many 
important developments are yet to be made. However, as long as wells 
are drilled, oil well cementing will carry its share of the load of supplying 
the materials which are so essential to modern industry. 
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Discussion of a paper by R. E. Moeller and Hayden Roberts: 


Oil Well Cementing Practice* 


By J. B. CLARK, W. F. CLOUD, A. J. TEPLITZ 
and ROBERT A. KINZIE, JR. 


By J. B. CLARKT 


The authors’ very interesting description of oil well grouting practices 
shows the importance and the highly specialized nature of oil well 
cementing operations. 

The importance of cementing wells is reflected by the annual con- 
sumption of cement for that purpose. It is estimated that approximately 
10 million barrels of cement are used annually in the United States in 
cementing oil wells. This is almost half the volume of cement channeled 
to paving projects, such as roads, streets, and airportsf. 

Cement pumped into deep wells is subjected to more severe conditions 
than that which is used for ordinary construction purposes. It must 
withstand high temperatures and pressures for a sufficient period of time 
to permit proper placement, and it must sufficiently displace drilling 
fluid in the hole to permit a tight seal between the pipe and the adjacent 
formation. The effect of high temperature on the setting time and 
strength development of cement has been known for a long time, but only 
in recent years has recognition been given to the fact that high pressures 
have an important effect on the setting time of cements. It is known 
now that the pressures encountered in deep wells will cause some cements 
to set more than twice as fast as they will set at the same temperature at 
atmospheric pressure conditions. High temperatures in conjunction 
with high pressures in extremely deep wells frequently make cementing 
operations quite hazardous. 

Although the prescribed quantity of cement slurry may be success- 
fully placed in an oil well the job may still be a failure in so far as the 
operation of the well is concerned. Most failures of this nature are 
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attibuted to incomplete displacement of drilling fluid in the hole. Drill- 
ing fluids by-passed by the cement slurry prevent the tight seal between 
the casing and the well bore necessary for the exclusion of undesirable 
water or gas. This is one of the greatest problems of oil well cementing 
operations today. However, as the authors of this paper have pointed 
out, many difficult problems have been solved in advancing cementing 
practice to the position it now enjoys. Similarly, a solution to the 
problems of today eventually will be found. 


By W. F. CLOUD* 


The authors of this paper are to be complimented for the clear, concise, 
and coherent arrangement of the content presented therein. I consider 
their resumé to be basically sound and fundamentally correct. To thor- 
oughly discuss the various technical phases and problems of oil well 
cementing would require several times the space allotted to a paper of 
this type and presentation. The paper does not emphasize that cement 
slurries for oil wells are mixed “‘neat,”’ using no sand or coarser material. 


By A. J. TEPLITZt 


Only their broad and intimate experience with every phase of the 
subject has made it possible for the authors to present in such a clear 
and condensed form this excellent account of cementing operations as 
applied to the recovery of petroleum from its reservoirs. 

The high degree of development of these operations has played a most 
important part in maintaining the United States as a leading producer 
of petroleum. It is doubtful that many of the present deep wells, some 
of them extending to depths as great as 3 miles, could have been completed 
without portland cement and the knowledge of its application. 

At various times considerable thought has been given to the possi- 
bility of finding a substitute for portland cement as a sealing agent for 
oil-well casing. However no material for this purpose has been discov- 
ered which approaches cement as regards either economy or effectiveness. 

One of the chief difficulties which spurred on the search for a substitute 
material was the channeling, or by-passing of the drilling mud by the 
cement slurry, as described by Messrs. Moeller and Roberts, but not 
elaborated upon because their paper is obviously too broad in scope to 
permit treating each phase of the subject in detail. This channeled con- 
dition led to an unsatisfactory well completion since it allowed the mi- 
gration of extraneous fluids behind the casing. It was thought that a 
slurry with different chemical and physical properties might more com- 
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pletely displace the mud and provide better bonding with the formations, 
thus eliminating the difficulty. However, the problem was solved re- 
cently by a mechanical operation which abrades the walls of the well 
while the cement is being pumped into place. This technique performs a 
function similar to that of tamping during the filling of concrete con- 
struction forms, preventing the occurrence of the troublesome mud 
pockets, and affording very satisfactory casing seals. 

Because of this development and certain highly desirable characteris- 
ties of cement there exists at present very little incentive for evolving a 
substitute casing-sealing material. The alkalinity of cement makes it a 
natural protective agent for the steel casing against the action of corrosive 
waters. The heat evolved during the setting of cement has been ad- 
vantageously utilized for determining the distribution of the cement be- 
hind the casing by means of temperature surveys. The cheapness, ease of 
handling and mixing, readily controllable setting time and the natural 
strength of cement are other factors making the material ideally suitable 
for anchoring and sealing casing. 

This does not mean that room for improvement does not exist. On 
the contrary the oil industry is very receptive to any suggestions for 
imparting additional properties to cement which would increase its use- 
fulness in this field, and their research laboratories are constantly en- 
gaged in efforts toward this goal. For example, means are being sought 
for reducing the density of cement slurry without sacrificing too much 
strength in the final product. Such low weight mixtures would reduce the 
hydrostatic head of the fluid column in a well and prevent the loss of 
cement into porous formation. These losses not only create troublesome 
and costly delays in the completion of wells but may also plug and seri- 
ously reduce the productivity from pay zones. Low density cement 
slurries would also reduce the pump pressures required in the placement 
of the material. 

Drilling muds are adversely affected by contamination with cement 
during the process of drilling out set cement and when the slurry is being 
pumped into the well. Such contamination greatly increases the vis- 
cosity and gel strength of drilling fluids and renders them unusable with- 
out costly and time consuming chemical treatment. A cement additive 
which would prevent this thickening action on mud would be a distinct 
contribution to drilling technique. 

A method for increasing the water retentivity of cement would also 
be highly desirable. When cement suspensions under pressure encounter 
exposed permeable formations behind casing, the water leaves the mix- 
ture and enters the formations, forming a bridge of solid material which 
may obstruct the further passage of the slurry. The addition of small 
amounts of bentonite to the suspension somewhat decreases this dehy- 
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dration but to effect a sufficient reduction would require quantities which 
would make the mixture unpumpable. 


Other interesting details of the broad subject covered by Messrs, 
Moeller and Roberts could be discussed but the few highlights which 
have been mentioned should serve to indicate the complexity and highly 
specialized nature of this important branch of cement technology. 


By ROBERT A. KINZIE, JR.* 


The paper on oil well cementing practice implies in the first paragraph 
that the article covers methods and materials throughout the world. 
My criticism of the section on materials is. based on the practice in 
California. 


The authors imply that until 1928 oil companies did not realize that 
regular portland cements were unsuitable in deep wells. Special oil well 
cements were made in California in 1913. By 1921 at least three com- 
panies in northern California were making special oil well cements. By 
1925 all of the cement used by major oil companies was special cement 
from the stove pipe down. 

The explicit statement is made that the cement companies did not 
realize the need for a special cement and because such small quantity 
was involved were not interested in making a new cement product. As 
mentioned, special cements and special methods of test started in 
California in 1913. 

The oil well service company which sponsored a research effort for the 
retardation of portland cement completed its task in 1935. Since there 
were patents on retarded cements in 1932 and information on retarders 
was general among informed cement chemists long before that date, 
this research need not have been very extensive. 

The use of special methods of test paralleled the development of 
special oil well cements. Special tests were designed and used as early as 
1913-14. Tests to determine percent of water in the slurry during a 
cementing job were made in 1928. Pumping time tests made on apparatus 
designed to simulate oil well conditions were run in 1930. 

I would say that the cement companies and the oil companies since 
1913 have been mutually concerned in developing methods of test by 
which the desirable qualities of an oil well cement could be determined. 
As knowledge increased the cement companies of California developed 
cements to meet the changing conditions and on some occasions made 
special cement for the conditions encountered in one or two wells. When 
this development started, the cement slurry for oil wells was being mixed 
with hoes and put in wells with dump bailers. 


*Superintendent, Santa Cruz Portland Cement Co., Davenport, Calif. 
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Painting Interior Concrete Surfaces: The Experience 
of One Organization* 


By T. H. CHISHOLMt 


SYNOPSIS 


Twenty-five years’ experience in painting the interior of concrete 
buildings has demonstrated that if a few simple precautions are taken 
it offers no more difficulty than does the painting of wood or other 
materials. The paper describes the practices of the Hydro-Electric 
Power Commission of Ontario which have prompted this conclusion 


Twenty-five years’ experience in painting the interior of concrete 
buildings has demonstrated that if a few simple precautions are taken, 
it offers no more difficulty than does the painting of wood or other 
materials. True, thought has to be given to the age of the structure, 
the condition of its surfaces, its location and use but these are factors 
that should be taken into account in preparing for any job of painting. 

This conclusion is based on the author’s extensive experience with the 
Hydro-Electrie Power Commission of Ontario who owns and operates a 
variety of buildings large and small, including generating and transformer 
stations, office buildings, warehouses and even private dwellings. These 
structures are built of many materials but nearly all utilize concrete in 
some way and in the majority, concrete forms a principal part, 

The Commission operates a research and testing laboratory and as 
one of its duties, this department keeps a close check on the quality of 
all paints purchased, follows-up all complaints, investigates failures and 
determines their cause, experiments with new materials and techniques 
of painting and generally maintains contact with new developments in 
paint technology. Out of this work, certain procedures and practices 
have developed in the painting of interior concrete surfaces and these 
will be briefly set forth. 


*Presented at 44rd Annual ACI Convention, Feb, 24,1047. 
tSupervising Chemical Engineer, Hydro-Electric Power Commission of Ontario, Toronto, Ont 
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In most cases, painting of interior surfaces is a matter of decoration 
rather than protection and the service life of the paint, though important, 
is less so than its appearance. Except for floors, light colors are used 
for decorative painting and painted surfaces are periodically washed as 
a matter of good housekeeping. For these reasons, portland cement 
and bituminous paints are not practical and oil paints are principally 
used. In locations that will be subject to washing, finishes of the gloss 
type are most satisfactory but if specular reflection is objectional as in 
small offices and control rooms, it may be necessary to use flat finishes, 
even though they do not wash well and require repainting more fre- 
quently. Practically, it has been possible to affect a compromise between 
these types and most of the paints now used by the Commission are of 
the semi-gloss type, combining reasonable resistance to washing and 
moderate reflection. 


PREPAINTING STUDIES AND THEIR INTERPRETATION 


Moisture may be good for concrete but moisture in concrete is not 
good for paint. Portland cement contains small amounts of sodium, 
potassium and free lime, commonly referred to as free alkali. These 
compounds, in the presence of moisture, are quite destructive to paint 
vehicles and will even attack certain tinting colors. Before painting 
newly constructed concrete, the surface should be examined to make 
sure that these destructive elements are not present in amounts great 
enough to destroy the paint film. There are several methods of checking 
the surfaces for the presence of free alkali and moisture, one being to 
spray the surface with phenolphthalein, which turns pink immediately 
if free alkali is present. Moisture alone can destroy the painted surface 
as by blistering. Excessive moisture in concrete may be determined by 
sealing a watch glass containing a few grams of anhydrous copper sul- 
phate against the surface of the wall for a period of 24 hours. Excessive 
moisture in the wall will cause the copper sulphate to turn blue. 

Special attention needs to be given to the interior of outside walls 
below the ground line. If they are not properly water-proofed on the 
outside, enough moisture may penetrate during wet weather to destroy 
any oil paint film, and under such conditions the safest practice is to 
use portland cement base paints. 

Basement floors offer a similar painting problem and many floors 
that appear dry will absorb sufficient moisture from the ground to cause 
early failure due to saponification of the paint vehicle. Floors that will 
absorb sufficient moisture to destroy the paint can often be detected by 
placing a rubber mat on the floor for a couple of days. If, on removing 
the mat damp spots are noticed, ordinary floor paint wil! not give satis- 
factory service. 








~~ — 
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PREPARING THE SURFACES FOR APPLYING PAINTS 


The results from these examinations of the surfaces determine the 
next operation. If the surfaces contain moisture the painting should be 
postponed until they dry out. If free alkali is present or the walls are 
of recent construction, an application of zine sulphate in water (31% to 
4 lb. ZnSO, in one gallon of water) will neutralize the free alkali. Ex- 
cessive moisture or free alkali are not likely to be present in the surface 
of old walls and the zine sulphate treatment is not required. 


Floors that are dry and not likely to absorb moisture are usually 
given an application of muriatic acid and water (18 to 20 percent com- 
mercial muriatic acid) to clean out the pores and allow better penetration 
and bonding by the paint. This treatment also neutralizes any free 
alkali. 


PAINTS AND THEIR APPLICATION 


The priming of the surface is the most important of the operations 
involved in the application of oil paints to concrete. The primer should 
not saponify readily, should seal the surface of the wall or floor, and give 
a uniform film as a base for the finish paints to follow. 


There are, no doubt, many formulations that will produce a primer 
that will meet these requirements and prove satisfactory. One that has 
been found to give excellent service, is a modified phenol formaldehyde 
resin in china-wood and linseed oil thinned with mineral spirits and con- 
taining about 40 per cent by weight of calcium titanium (30 per cent 
TiOz content). This paint does not settle readily in the container, dries 
overnight with a gloss finish and has good coverage and hiding. 

lor surfaces never previously painted, two finish coats are used. For 
surfaces previously painted, either one or two finish coats are used de- 
pending on the condition of the old paint to be covered. The selection of 
these paints depends on the color and sheen desired. The Commission is 
using a semi-flat paint having a gloss reflection factor of two to six per 
cent both as an intermediate coat under gloss paints and also as a finish 
coat in locations where a high gloss is not desirable. This type of paint 
gives a good surface to paint over, it flows better and is less porous than 
the true flat paints. For dado and trim, an alkyd resin paint is being 
used; it dries with a good gloss and withstands washing better than or- 
dinary interior gloss paints. 

The Commission does not attempt to formulate paints, instead it 
depends on the manufacturers to do this according to their own experience 
and knowledge but it does, by means of laboratory and field tests, see that 
essential standards of quality are obtained in the paints it buys. One of 
the more important of these tests is measurement of the susceptibility 
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of the paint to checking by means of a weatherometer. Ordinarily this 
test is not applied to interior paints, but it has been adopted here because 
the majority of the Commission’s power plants face south and have large 
windows, which when open, allow sunlight to shine directly on the painted 
surfaces. Experience has shown that paints that develop checking in 
250 hours or less in this test are likely to check in service and those that 
withstand 500 hours or more will prove satisfactory. These figures 
should be taken as relative rather than absolute since the weatherometer 
in question is an old design and may not give the same results in time as 
would present models. 

It is doubtful whether any floor paint will give really satisfactory 
service under heavy traffic but fortunately there are few concrete floors 
in the Commission’s structures that are subject to such service. The 
principal requirements for any floor paint are that it will dry reasonably 
fast so that the floor will not be out of service too long, that the film be 
hard enough to resist wear and tough enough to withstand without 
flaking the impact of falling objects. Again priming is a matter of the 
first importance and it has been found that treating the floor with 
muriatic acid gives a better penetration of the paint and reduces the 
likelihood of flaking in the finish coat. 

Experience indicates that in painting basement floors there is always 
a danger of moisture from the ground below destroying the film. Paints 
made with a chlorinated rubber base vehicle appear to withstand this 
exposure better than the standard type floor paints. It is probable that 
the alkali-resisting plastic paints will also prove satisfactory in such 
locations, but experience with these are still too limited to be sure of this, 

In closing, we would again repeat our opening statement that, if a 
few simple precautions are taken, painting concrete surfaces inside 
buildings offers no more difficulty than would painting wood or other 
materials similarly situated; the precautions may be different but other- 
wise what is good practice for one is good practice for the other, 
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Notes on the Theory and Practice of Foundation 
Grouting* 


By V. L. MINEARY 


SYNOPSIS 


Foundation grouting presents one of the most controversial problems 
in dam design and construction, Suecessful treatment of any given foun- 
dation requires modification in standard technique to meet existing con- 
ditions. Methods used successfully on one job may not always be satis- 
factory on another, This paper presents and discusses certain theories 
and practices in this important and costly phase of dam construction, 


INTRODUCTION 

Foundation grouting is defined as a method of forcibly injecting various 
liquid mixtures into the rock supporting engineering structures for the 
purpose of improving known or suspected imperfections. Comprehensive 
knowedge of the foundation characteristics is a vital prerequisite to in- 
telligent design. This knowledge should be obtained from competent 
geological data which has been based upon a careful examination of the 
site, including a thorough investigation of the character of the rock, and 
known or suspected bedding, faulting and jointing. These data should 
be supplemented by information obtained from exploration by drill, 
tunnel and shaft. The amount of essential exploratory work and the 
degree of necessary grouting refinement will usually be governed by the 
character and condition of the foundation and the type of structure to be 
built. Large and costly structures justify a considerable expenditure for 
exploratory work since economics in design and construction may be 
effected by the elimination of unknown or uncertain foundation factors, 


PLANNING 


Many questions immediately confront the engineer who is consid- 
ering the proper foundation treatment for any major structure. What 


*Presented 44rd Annual ACI Convention, Feb, 24, 1047 
tingineer, Office Chief of Mngineers, War Department, Washington, D.C 
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shall be the over-all plan of foundation treatment? Shall blanket grout- 
ing, cut-off grouting or both be used? Shall the cut-off consist of g 
single or a multiple line arrangement? Shall a grouting gallery be in- 
cluded in the dam? What shall be the grout hole size and spacing? What 
shall be the grouting medium? Shall it be injected by pneumatic or 
pumping methods? What pressures shall be used? Should stop, stage 
or series grouting be adopted for the treatment under consideration? 
What field technique shall be used for injection? The answers to these 
questions have a material bearing on both the cost and safety of any 
major construction project. 


Foundation treatment 

Foundation treatment usually consists of blanket grouting, cut-off 
grouting, or both. 

Blanket grouting is accomplished by drilling and grouting a grid of 
shallow depth holes over an area extending from the axis to the heel of 
the dam before concrete is placed on the rock. Since. reservoir water has 
ready access to this zone, it is believed that blanket grouting in this 
critical area is an excellent reinforcement for the main grout curtain. 
Cracks, crevices and fissures are usually more prevalent in the near- 
surface rock than they are at greater depths. Low dams, founded on 
good rock may require no other grouting than blanket grouting to seal 
fissures caused by stripping operations. 

The deep cut-off is accomplished by either a single or a multiple line 
arrangement beneath the dam. A single line of closely spaced holes will 
usually provide a satisfactory cut-off for low dams or a dam of medium 
height built on reasonably tight rock. In this case, the curtain is located 
on or near the axis of the dam and is generally given a slight upstream 
inclination. For high dams or those built on inferior rock, the cut-off 
treatment usually consists of a two line, staggered hole arrangement. 
This method provides a wider spread of grout with attendant strengthen- 
ing of structurally weak rock over a greater area. The second line of 
holes is located along the heel of the dam. The holes are drilled with a 
downstream inclination in order that they may extend well under the 
dam. Insofar as impermeability is concerned, a single line of closely 
spaced holes is believed superior to two or more lines of widely spaced 
holes. Obviously, two curtains, each of which is 50 per cent effective, do 
not total 100 per cent cut-off. Such an arrangement has aptly been 
compared to the ineffectiveness of using a picket fence as a water barrier. 
Procedure 

The order of grouting is a matter upon which engineering opinion is 


divided. All agree that blanket grouting should precede the placement of 
concrete. Whether cut-off grouting should precede concreting; whether 
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the upstream or the downstream line of a two-line arrangement should 
be grouted first; whether individual holes should be grouted by stage, 
stop or full depth methods, and whether the line should be grouted by 
“split spacing”’ are all moot questions. 

In the author’s opinion, curtain grouting should be postponed until 
after the placement of concrete. The weight of the superimposed struc- 
ture undoubtedly permits the use of higher grouting pressure, which, in 
turn, makes possible the injection of lower W/C grout. It is true that 
under such conditions there is an ever-present danger of damaging the 
structure by the heaving action of the grout, but this danger can be 
greatly reduced by competent supervision. 

Grouting gallery 

Postponing curtain grouting until after concrete placement will 
necessitate the construction of a grouting gallery. Although an added 
expense, a gallery is an essential feature of most masonry dams aside 
from its utility in curtain grouting. Fig. 1 illustrates a typical section 
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through a grouting gallery. The gallery is usually 5 ft. x 7 ft. in size and 
follows the alignment of the main curtain for its entire length a few feet 
above the average rock surface. This type of construction provides 
freedom from outside interference during the grouting program. Unlike 
most other phases of construction, rock grouting activities are not amen- 
able to rigid time schedules. Each hole is a separate item which may 
require an hour, a day or a week to complete. This uncertainty tends to 
disrupt the contractor’s general program and consequently he is inclined 
to slight the grouting work. Unless adequate provisions are made to 
forestall it, this characteristic can result in costly claims and litigation, 
Perfection in grouting may not always be attained during construction. 
Filling the reservoir may demonstrate that additional drainage for the 
control of uplift, or supplemental grouting to reduce leakage around or 
under the dam is necessary. Experience has shown that such operations, 
should they ever become necessary, are greatly facilitated and the quality 
of the work improved, if a gallery has been included in the general layout. 


Grout hole size and spacing 

Since the drilling of holes constitutes a major item in any rock grouting 
program, the size and spacing of grout holes present a problem of fun- 
damental importance. The cost of such drilling is ordinarily influenced 
by the diameter and depth of the holes. This is particularly true when 
existing conditions require the use of diamond-set bits. The unit prices 
in Table 1, which were bid on a large western dam shortly before the war, 
are typical of this tendency. 


Under similar conditions, for any given sum of money that can be 
expended in drilling, more holes and consequently a closer spacing can 
be obtained when small-diameter holes are drilled. Since the goal of 
rock grouting is to fill rock fissures of unknown pattern and extent, it is 
logical to assume that the closer the spacing of holes, the greater the 
probability that all seams will be filled. Therefore, the diameter of the 
hole which can be drilled most economically is preferable, provided the 
economical hole allows grout to be introduced as effectively as does the 
more costly hole. 


Data on the record hole for each of three large dams constructed 
during the decade 1930-1940 indicates that hole diameter is of secondary 
importance. 


Hole diameter, Solids injected, 


Dam in, : eu. ft 
A | 5,000 
B lly 28,800 


14 38,000 
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TABLE 1—UNIT BID PRICES, IN DOLLARS, FOR GROUT AND 
DRAINAGE HOLE DRILLING 


Depths in ft. 


Diameter of ———-| — |— —| | = ---|—— - 
holes, in. 0-30 | 30-50 | 50-75 | 75-100 | 100-150 | 150-200 
1% 1.40 1.70 | 1.85 | 1.99 | 2.00 2.10 

| | | 
3 2.50 | 3.00 | 3.00 3.25 | 


5% 5.75 5.75 


If 28,800 sacks of cement can be introduced through a single 1 )¢-in. hole. 
the necessity for drilling larger holes is not apparent. It would seem 
that the quantity of grout that can be injected depends more upon the 
structure penetrated than it does upon the diameter of the hole drilled. 
Other conditions being equal, the author believes the most desirable 
design is one which will provide the maximum number or closest spacing 
of holes, regardless of diameter. 
Grouting materials 

The grout may consist of any suitable liquid which solidifies after 
injection. Among such substances are cement, rock flour, clay, asphalt 
and various chemicals. A neat mixture of standard portland cement is 
considered the best general-purpose grout, with the use of admixtures 
the exception rather than the rule. 
Grout injections 

Injection is accomplished by means of pneumatic displacement ap- 
paratus or by pump. Each method has its advantages and its disad- 
vantages. Injection by pneumatic displacement is accomplished by 
use of compressed air and a closed receptacle or tank provided with three 
openings; one for charging the tank with grout, one for introducing com- 
pressed air into the tank and the third for discharging the grout from the 
tank into the hole. Injectors can be easily improvised in the contractor’s 
shop. ‘Their cost is relatively low and, in some instances, they are 
preferable to pumps. Not infrequently, admixtures such as sand, saw- 
dust, wood shavings, bran or other stock food are used with cement to 
form a grout. Pumps do not handle such mixtures as readily as pneumatic 
injectors. Under normal conditions, however, pneumatic injectors are 
not conducive to the best results in grouting. They are uneconomical 
and dangerous to operate. The introduction of entrained air into the 
hole with the grout is highly objectionable, especially if it is injected at 
high pressure. The fluidity and compressibility of the air combine to 
cause the so-called ‘“‘blow-outs” which occur frequently when this form 
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of grouting is used. A blow-out is a violent displacement of the near- 
surface rock which is accompanied by an eruption of compressed air and 
grout. Such conditions are difficult to avoid, since the operator must 
rely upon the pressure gage and contortions of the delivery hose to 
determine when a given batch of grout has been delivered to the hole. 
The valve to the hole is then closed and the bypass valve is opened in 
order to permit the air in the machine to escape. Operating these valves 
too soon results in grout being blown to waste; too late, in compressed air 
being blown into the rock formation. This operation is not under rigid 
control since pressure, when once applied, is maintained until the con- 
tained air expands to atmospheric pressure. Pneumatic injectors have 
been known to explode, killmg and maiming the workmen operating 
them. 


Pumps are considered the ideal equipment for placing neat cement 
grout. Most specifications prohibit placement by any other method. 
The pumps permit a close control of pressure and are so flexible that the 
rate of introduction can be varied at will. Pumps are safe to operate. 


Grouting pressure 


The selection of a proper grouting pressure is one of the most important 
and difficult problems to be solved. If too much pressure is specified, 
the foundation rock may be displaced and the structure damaged. On 
the other hand, specifying an ultraconservative value will result in a 
needlessly weak grout. Unfortunately, there is no basis for the estab- 
lishment of a safe maximum pressure other than by experienced judgment 
and an opinion based upon a study of the rock structure. This should be 
supplemented by the liberal use of instrumental controls, such as engineer 
levels, tilt-meters, uplift meters, etc. 


A widely accepted rule of thumb for selecting the maximum pressure 
to be used is one which specifies that the pressure in psi at any elevation 
shall not exceed the depth in ft. This rule considers but one of at least 
five variables influencing allowable pressures, viz.: Weight of the super- 
imposed rock, type and physical condition of the rock, water-cement 
ratio, previous grouting in the area and weight of superimposed structure 
resting on the rock. 

(1) Weight of superimposed rock. Where the rock is assumed to weigh 
144 lb per cu ft and packers are used, one psi per ft of depth from 
collar to packer should be safe value in horizontally bedded formations. 
When the liquid pressure acts over a considerable area in such forma- 
tions, much damage can be done by higher pressures before the confined 
grout finds relief. Consequently, the rule of thumb is considered to be 
sound under these conditions. However, the danger of damage is not so 
acute in steeply dipping beds, nor in “blocky” ground. Surface leaks 
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tend to relieve excessive pressure before great damage is done, therefore, 
permitting a somewhat higher pressure to be used. 

(2) Type of rock. Pressures which would be dangerous in horizontally 
bedded or laminated rocks would be ultra conservative in massive forma- 
tions such as granite, where pressures ranging from two to five psi per 
ft of depth might be safely used. 

(3) Water-cement ratio. Specifying a maximum pressure without a 
corresponding water-cement ratio is largely meaningless, except in un- 
usual conditions. It should be remembered that damage is caused by 
pressure acting on an area. Thin grouts are driven further from the 
hole under any given pressure than thick grouts. Consequently, thin 
grouts acting over a larger area than thick grouts present a greater danger 
of damage to the foundation. In any given formation, 100 psi pressure 
on 0.75 W/C grout might be used safely while the same pressure on water 
or on 2.0 W/C grout would cause rock displacement. For this reason, 
holes which penetrate the water table may cause trouble. 

(4) Previous grouting. The ideal procedure in rock grouting is to fill 
all cracks, crevices, open joints and bedding planes with grout having the 
lowest W/C ratio that can be forced into the channels under permissible 
pressures. This is best accomplished by a gradual tightening of the 
formation and is the basis for the procedure of stage grouting the holes 
and split grouting the line. 

Split grouting is accomplished by selecting every fourth hole in a 
series, such as numbers 0, 4, 8, 12, etc. as the initial or primary grouting 
holes. These holes normally take grout relatively freely and at com- 
paratively low pressures. The second step in the procedure consists of 
drilling and grouting the intermediate holes numbered 2, 6, 10, ete. Since 
the major passages have been filled by the primary grouting, these holes 
are more resistant and consequently thinner grout, higher pressure or 
both are required for injection. The final step consists of grouting the 
remaining holes 1, 3, 5, 7, and 9 which ordinarily consume but little grout 
and on which considerably higher pressure can be safely used. The 
results obtained with this method of grouting are exemplified by the 
data in Table 2 on two dams, one of which is located on an igneous rock 
and the other on a sedimentary rock. 

TABLE 2—COMPARATIVE GROUT CONSUMPTION 


Sacks per hole 


Series Boulder Dam Dale Hollow Dam 

i aie a's mleid a 
Ist intermediate....... co 
2nd intermediate........... 





408 153 
31 31 
10 7 


<ces 
oe 
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From the above data, it appears that where a pumping pressure of one 
psi per ft of hole was safe for the primary holes, a pressure of two psi 
or even three psi per ft would not be out of line for the second intermediate 
holes. 

(5) Superimposed structure. 'To the total pressure which it is estimated 
the exposed rock can withstand, should be added the unit weight of any 
structure that may be resting upon it at the time grout is being injected. 

The following factors are suggested as an aid in selecting a maximum 
permissible pumping pressure : 


Rock factors 
Horizontally bedded rock, 1 psi per ft of depth 
Massive rock, 2 psi per ft of depth 
Hole factor 


Primary holes, multiply by 1 
lst intermediate, multiply by 1.5 
2nd intermediate, multiply by 2.0 


Grout factor 
Thin grout or water, multiply by 1.0 
Thick grout, multiply by 1.5 


From the above data, it would seem that the specified maximum 
pressure should follow a sliding scale. 


Grouting technique 

‘Engineering opinion differs on the routine and sequence of hole treat- 
ment which will yield maximum effectiveness and economy. There 
are arguments for and against stage-grouting, stop-grouting and series 
grouting, as well as for the consecutive grouting of holes in the line as 
opposed to the split spacing method. 

(1) Stage grouting. Stage grouting is a term used to describe a 
technique wherein each hole is drilled and grouted to some partial depth 
where conditions indicate that a defective zone exists. Drilling is then 
temporarily discontinued and the partial depth is grouted. The grout is 
then cleared from the hole and drilling resumed. The procedure of 
alternately drilling and grouting is continued until the final depth is 
reached. The principal disadvantage to this method is the increased 
cost of both drilling and grouting due to the additional work required in 
removing grout from the holes and disrupting the orderly routine of the 
work. There are two principal advantages to the stage grouting method. 
First, the major imperfections are given individual treatment as en- 
countered. This permits the selection of a water-cement ratio suitable 
to the openness of the seam. Secondly, the repeated application of grout 
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with an increasingly higher W/C ratio and pressure to the upper levels, 
not only has a beneficial effect on the finer seams therein, but also tends 
to compensate for shrinkage in the previously grouted major seams. 


(2) Stop grouting. Stop grouting consists of drilling a hole to full 
depth and then grouting it in sections from the bottom up. This is 
accomplished by means of a “stop” or packing gland inserted in the hole 
at any desired depth. This method eliminates the necessity for drilling 
or reaming out of holes previously grouted. It has, however, several dis- 
advantages, the most important of which is that the near-surface rock 
is not subjected to the repeated groutings at high pressure, which it 
receives when stage grouting methods are used. 

(3) Series grouting. Series grouting involves the following procedure: 
A series of shallow holes are drilled and grouted at low pressure. The 
initial holes are drilled on approximately 20-ft. centers and the split 
spacing system of reducing the grout hole interval is performed until the - 
shallow curtain zone refuses grout at the permissable pressure. After the 
shallow curtain is completed, a second series of deeper holes are drilled 
and grouted at higher pressure, following the same procedure as outlined 
for the first series. A third series may be required, depending upon the 
final depth of curtain. The principal advantages of the series grouting 
method are derived from the fact that (1) drilling may be accomplished 
with percussion drills in the shallower zones; (2) drilling or reaming out of 
grouted sections of holes, required in the stage grouting method, is not 
necessary; and (3) the difficulty from sticking packers or the tendency 
of grout to by-pass the packer is eliminated. The excessive amount of 
necessary drilling presents the major disadvantage to this method. 


EQUIPMENT 


No special equipment is required for a simple grouting job. A concrete 
mixer equipped with a suitable water meter; a receptacle to serve as a 
sump, a pump which will handle the slurry and necessary gages, pipe or 
hose and fittings are all that are essential. Large or complicated jobs may 
require many modifications to obtain an acceptable job, and to avoid 
excessive mechanical difficulties. Some of the more important modifica- 
tions will be discussed briefly for the benefit of those who may be in- 
terested in this type of work. 

Grout mixer and agitator 

Fig. 2 illustrates a grout mixer developed (in accordance with sugges- 
tions by James B. Hays) by the Six Companies Inc. in 1934 for use at 
Boulder Dam. Since that time, the mixer has been used extensively by 


the Bureau of Reclamation, the T.V.A., the Panama Canal, and the War 
Department. It has proved to be an excellent piece of equipment, well 
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Ingersoll-Rand pneumatic 
él mater Type BBS 
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lift grout fr f at 60° 
boftom.... } 0 For cleaning 100 RPM. 


PP wonncod 
Fig. 3—Grout agitator 


suited for major jobs. Fig. 3 illustrates an equally efficient mechanically 
agitated sump. 
Pump 

Insofar as is known, there is no pump on the market which will operate 
in an entirely satisfactory manner as a high pressure grout pump in its 
commercial state. All pumps require many small but vital modifica- 
tions, the most important of which are indicated below. 

(1) Valves. If the pump is equipped with balata or other similar 
valves, these should be discarded and a medium-hard, pure rubber valve 
used instead. 
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(2) Liners. Cast iron liners are unsatisfactory and should be replaced 
by a liner having a case-hardened steel sleeve with a highly polished 
inner wearing surface. 

(3) Pistons. The pistons provided in the commercial slush pump are 
not suitable for grouting, even at moderate pressures. They should be 
replaced by pistons made of medium-soft rubber molded on to a steel 
core. These pistons should be flared at each end so as to be compressed 
when fitted into the cylinder and thus sweep the liner clean at each 
stroke. 


(4) Piston rods. Case hardened rods are highly desirable, since softer 
rods soon wear “out of round” and make the prevention of leakage 
through the gland difficult. 


FIELD TECHNIQUE 


Good practice in rock grouting is a modification of good practice in 
concrete construction. It strives to guard against form movement, to 
get a good “clean-up,” and to fill the forms with the lowest water-cement 
ratio mix which can be placed successfully. 


In grout injection, there are three variables which must be coordinated 
in order to achieve the best results. These variables are pressure, velocity 
and viscosity of the liquid. The difficulties involved in a rational solu- 
tion are more apparent than real. The pressure variable is eliminated at 
once by maintaining the pumping pressure constant, at or near the 
maximum allowable. The velocity, as measured by the pump speed, is 
controlled by the viscosity (W/C ratio) of the mix with which it varies di- 
rectly. 

In practice, grouting is initiated with the introduction of water. The 
valve to the hole is opened and the valve on the return line is barely 
“cracked” so as to allow a small flow in the line. This flow is not varied 
thereafter until the hole approaches completion. The pump throttle is 
then cautiously opened while observing the pressure gage on the pump. 
This procedure will indicate at once whether the formation penetrated 
is tight, open or average. 

The tight hole will refuse water, or take it slowly. The needle will 
climb at once to the maximum allowable pressure and the pump will 
labor or stall. Pressure should be maintained for a few minutes, partic- 
ularly if the hole has been percussion drilled. Drill cuttings, even with 
diamond drills, tend to choke fine seams. Such obstructions do not 
ordinarily extend far from the hole and they frequently can be broken 
down by water under pressure. This operation can not be performed so 
readily with grout mixtures, even though they be thin. The obstructions 
tend to act as filters, allowing the mixing water to pass while retaining the 
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cement, thus reinforcing the barrier. Consequently, the introduction of 

rater should continue so long as there is any perceptible pick-up in the 
pump speed and the initial grout should be the thinnest permitted by the 
specifications. Needless to say, a hole that will not take water will not 
take grout. 

The open hole is the opposite extreme. In this case, no appreciable 
pressure can be built up, even though the pump is operated at full ca- 
pacity. Nothing will be gained by pumping large quantities of water 
into such a hole unless it is venting muddy water from another hole in the 
vicinity. In this event, every effort should be made to wash out the mud 
before grout is introduced into the hole. Even in the open hole, the 
initial grout should have a relatively high water-cement ratio to guard 
against clogging the fine or medium seams penetrated. 

When water is first introduced into the average hole, the pump will 
operate at normal speed (perhaps 10 strokes per minute on each cylin- 
der) with the indicated pressure at the maximum allowable. There- 
after, the pressure will decrease gradually due to the washing away of 
drill cuttings, ete. ; 

This decrease in pressure will necessitate increasing the pumping speed 
to maintain the required pressure. This phase should continue until the 
condition stabilizes or until the full capacity of the pump is reached. 

The initial injection of grout should be sufficiently thin to be safe. 
This injection will result in the slowing of the pump’s speed, increasing 
the pressure or both, depending upon subsurface conditions and the mix 
selected. Pumping is continued with this mix for some definite period 
(for example, 15 minutes). At the expiration of this time, the rate of 
cement consumption is calculated and recorded. Should conditions 
warrant, the W/C is then reduced and the procedure repeated until, by 
trial and error, a mix is selected which permits the injection of the maxi- 
mum “sacks per hour” of cement into the hole. Injection is continued 
with this consistency until the declining rate of consumption indicates 
that the hole is approaching refusal. The W/C ratio is then increased 
sufficiently to increase the pumping speed and thereby increase the rate of 
injection. This increase in the W/C ratio is largely a matter of experienced 
judgment. Should the increase be in error, as indicated by the pump’s 
behavior, the return line valve is quickly opened and the entire grout 
line is washed out. Water, or thin grout, is then pumped into the hole 
until “status quo” is established. The process is indicated in Table 3. 


SUPERVISION 


Proper supervision is an essential component of any successful job. 
Painstaking preliminary investigations, competent design, stringent 
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TABLE 3—INSPECTOR'S RECORD 

















Cement 
W/C Pumping Remarks 
Time Total | Period | Sacks | Pressure 
sacks sacks | per hr. | psi 

9:15 3 — — | 3.0 100 Start grout 

9:30 ry 4 ww: | #0 ‘ 

9:45 | 12 5 20 | 2.0 ‘ 
10:00 | 19 | 7 28 | 1.5 “ 
10:15 | 26 z 28 | 1.25 ” 
10:30 33 7 28 | 1.25 % 
10:45 39 6 24 #| 1.25 ef 
11:00 43 4 16 1.25 . 
11:15 | 48 5 20 2.0 " 
11:30 | 54 | 6 24 1.75 
11:45 62 OC 8 32 1.75 Leak (?) 
12:00 66 | 4 16 1.75 % 
12:15 | 70 + 16 3.0 " 
12:30 | 75 Tie Fes " 
12:45 | 78 ee: eee 8 " 

1:00 80 se o..} oe 

1:15 82 2 | e+ 

1:30 82 | 0 | — | 3.0 - Hole completed. 


| 


specifications and first-class equipment lose most of their value in the 
absence of experienced inspection. The opportunities for obtaining 
experience in this highly specialized work are limited. While it is fully 
realized that reading an article or even a book on the subject is but a poor 
substitute for the real thing, the experience of others should be helpful 
to the uninitiate who, through force of circumstances may find himself 
selected to supervise foundation grouting. Much wisdom is contained 
in the following list of ‘‘Don’ts” compiled by B. A. Hall, who was Chief 
Inspector on Boulder Dam and Field Engineer on Grand Coulee Dam 
during the construction of those two projects. 


“DON'TS” FOR THE GROUTING INSPECTOR 


1. Don’t forget that a grout pump is a very powerful hydraulic jack 
that can seriously damage engineering structures if not used with caution. 

2. Don’t be too hasty about deciding that a hole is tight. Hang on 
to it with water so long as there is any perceptible pickup in the pump 
speed at normal pumping pressure. Many apparently tight holes loosen 
up and take grout freely after a few minutes under pressure. 

3. Don’t pump water into a hole longer than necessary. There is no 
advantage in needlessly watering a free hole. 


4. Don’t pump thin grout into a hole that will take thick grout easily. 


5. Don’t attempt to reduce the water-cement ratio too rapidly or 
you may clog the hole. 
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6. Don’t think that there is one optimum water-cement ratio for 
every hole. It changes as the hole approaches completion, gradually 
increasing. 

7. Don’t fail to inject the grout at all times at the maximum allowable 
pressure or at such pressure as can be sustained. Throughout the grout- 
ing, rock which lies above the natural ground water table will absorb 
moisture from the grout causing it to thicken and slowly clog the bed- 
rock seams and crevices. Remember also, that leaks of an appreciable 
amount of grout should be caulked as soon as possible after they develop. 

8. Don’t put too much emphasis on static or standing pressure alone. 
rout that is even slightly too thick, pumped slowly will close almost 
any hole. During the injection of grout at a water-cement ratio of 1.0 the 
grout hole will silt up (below the lowest seam accepting grout) at a rate in 
excess of 15 ft per hr. 

9. Don’t be too willing to call holes complete because they suddenly 
take pressure; wash them out with a blow-pipe if you believe the hole 
has been clogged. 

10. Don’t vary the pump speed needlessly, stopping unnecessarily, 
or permitting pumping at less than the normal pumping speed, if there 
are no leaks. 

11. Don’t, when a test is made to see that the line is open during 
grouting operations, permit the by-pass valve to be closed quickly on a 
fairly tight hole. You will almost invariably lose it. The accompanying 
loose grout scale loosened by the sudden surge of pressure, will plug the 
rock seams. 

12. Don’t judge the efficiency of grouting operations solely on the 
number of sacks of cement injected. Look for leaks. 

13. Don’t forget that you are expected to direct the grouting pro- 
cedure. 

14. Don’t antagonize the contractor’s personnel by tactless ap- 
proaches, or by tampering with his grouting equipment. 

15. Don’t stand ready to pounce on the contractor for something 
going wrong. Be alert to perceive and advise others of details that may 
not yet have been considered. The inspector who thinks everything is 
running smoothly may be neglecting his work, the unsolved problems, 
and conditions capable of improvements. 
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By JAMES B. HAYStT 


Mr. Minear’s paper gives an excellent general presentation of the 
problem of grouting rock formations under dams. Each grouting prob- 
lem has its own individual characteristics but it is advisable to start 
with a certain system or routine and vary from that as conditions demand. 

Regarding the over-all blanket grouting of a dam site, or a large part 
of it, the writer regards it as a question of solidification of an area of 
rock to increase its load supporting capacity rather than for backing 
up the main cut-off curtain. Such solidification of otherwise seamy but 
good rock might eliminate a lot of excavation and replacement with 
concrete. It will also tend to reduce the deflection or settlement of a 
dam when the load is applied to such rock. Such blanket grouting re- 
quires that more attention be given to proper drainage of the founda- 
tion in order to prevent undesirable uplift. Since the matter of drainage 
and uplift is not a part of the author’s paper the writer will not further 
discuss it except to point out that there is a close relation between it and 
grouting, both blanket and cut-off. There is rather definite evidence in 
certain cases that drainage holes have been drilled into the curtain- 
grouted zone and have failed to tap underground water and relieve the 
pressure created. 

Under ‘Procedure,’ the author states that blanket grouting should 
be done before placement of concrete. This is generally the best prac- 
tice, but if necessary, it can be done even after the concrete has been 
placed. In one case in the writer’s experience, the foundation rock 
had a dip of about 45 degrees and as a result there were many seams 
(te! grag Lal ay ene ‘I Convention, Cincinnati, O., Feb. 24, 1947, and published in ACI Journar 

TtConsulting Engineer, New York City, formerly Project Manager, Upper Holston Project, TVA. 
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coming to the surface. Blanket grouting under such conditions before 
placement of concrete would have involved an endless amount of caulk- 
ing. The general schedule also required that there be little or no delay. 
It was decided to do the blanket grouting after concreting. Before any 
concrete was placed means were provided to allow the grout to come to 
the surface of the rock at all points along the seams. From each seam a 
vent pipe was installed extending through the concrete. It was then 
possible to observe the grouting of each seam and then close the outlet 
to retain whatever pressure was desired. The concrete over the area 
should not be too thin but should have some mass to avoid cracks under 
nominal grout pressures. 

In regard to the size of the grout hole the smaller range of sizes is 
generally preferred. One reason not mentioned by the author is the 
fact that in the large holes the velocity of the grout mixture is suddenly 
slowed down and sedimentation begins. The coarser particles are de- 
posited on the bore hole and the fine material is forced out into the rock 
seams. It is also much more difficult to clean out a large hole for re- 
grouting when desired. 


Particular attention should be called to the author’s statement in the 
first part of Par. 3 under “Grouting Pressure.”’ 

Stop grouting, or reverse stage grouting, is sometimes necessary partic- 
ularly where the original holes have been drilled to the maximum depth 
for exploratory purposes. 

Regarding the equipment for grouting, one of the most important 
items is the pump and its fittings, which have been well described by 
the author. One item not mentioned is the means for measuring water. 
The writer has found a water meter, measuring in cu ft and fractions 
thereof, together with a totalizer, to be the best means of control. The 
meter should measure up to 20 cu ft per batvh and have a re-setting 
device. The W/C ratios are conveniently computed by volume rather 
than by weight. For a certain run of grouting the inspector would advise 
the mixer-operator to use say four bags of cement (4 cu ft) per batch 
and to change only the water when advised to do so. If the inspector 
calls for 1.0 grout the mixer man puts in 4 cu ft of water. If he calls for 
0.8 the mixer operator puts in 3.2 cu ft, and so on. 


The grouting machines used by TVA had practically the same de- 
tails as shown by the author’s drawings, but were assembled into com- 
pact units, mounted on steel skids and piped so that all that was nec- 
essary when the machine was spotted in place was to connect the air, 
water and grout hoses and operations could begin. The equipment was 
assembled with the mixer unit at about the height of a truck floor for 
convenience in loading and handling cement. 
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The general detailed instructions given for the grouting process give 
the beginner a good outline to follow. However, variations from these 
may be required from time to time particularly in limestone formations 
where long solution channels exist. The continued pumping of grout 
into such channels may result in unnecessary waste of cement. In such 
cases it would be permissable to freeze the grout and regrout the area 
one or more times until it finally tightened up. 


By B. A. HALL* 


The paper presented by Mr. Minear gives a good over-all picture of the 
major problems encountered in foundation grouting. There are certain 
points, however, wherein clarification, amplification, or revision based 
on the most recently developed grouting practices appear to be in order. 

Foundation grouting is a very difficult subject on which to attempt the 
presentation of definite procedures and rules. The wide range of variable 
factors makes the grouting of each hole an individual and distinct prob- 
lem. The factors which assume importance relative to a particular hole 
must be weighed, evaluated and acted upon, both before and during the 
grouting. This requirement places experience, for which there is, to 
date, no substitute, at a premium which cannot be minimized. 

I will, hereinafter, discuss briefly those points of Mr. Minear’s paper 
which I believe should be given further consideration. 

Mr. Minear states that “Blanket grouting is accomplished by drilling 
and grouting a grid of shallow depth holes over an area extending from 
the axis to the heel of the dam before concrete is placed on the rock.” 
This statement does not give the true picture which should be conveyed. 
The axis and heel are not suitable references as boundaries for the blanket 
as they may coincide or be rather widely separated, depending upon the 
design of the structure. Our experience has shown that blanket grout- 
ing should extend from the heel of the dam to a line downstream, which is 
determined by the height of the dam, character and condition of the bed- 
rock, and any other influencing factors. This is one of the indeterminates 
to which general rules do not apply and which is resolved largely on the 
basis of experience. 

In the same connection, it is stated that “Low dams, founded on good 
rock, may require no other grouting than blanket grouting to seal fissures 
caused by stripping operations.’”’? While I agree with the premise in this 
statement, I find the latter part inconsistent with normal construction 
practice. There should be no fissures resulting from stripping operations 
or excavation. In the event that the foundation material.is badly frac- 
tured or disturbed by methods used in foundation preparation, such 
material is usually removed by scaling. 





*Construction Engineer, Bureau of Reclamation, Coulee Dam, Washington. 
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In regard to the matter of grout hole diameter, there is, generally, no 
relation between the diameter and material acceptance, as Mr. Minear 
points out. He has tabulated the data for the “record hole’ of each of 
three large dams to support this contention. Unfortunately, this tabu- 
lation apparently indicates a relationship, in contradiction of his previous 
statement, and of the facts. No fair conclusion can be drawn from re- 
sults on a few holes. The major factors governing the quantity of grout 
which can be injected into a hole are the character and condition of the 
foundation rock, the depth of the hole, the fineness of the grouting 
medium, and the maximum allowable pressure. It should be borne in 
mind, in all cases, that the hole should be large enough to permit the 
use of a packer in the event the packer, or stop grouting, which will be 
discussed later, proves desirable. 

In considering the methods of grout injection, pneumatic displace- 
ment apparatus should never be used except for the placing of temporary 
sealing materials, not readily handled by piston pumps. In permanent 
structures, the temporary sealing of large sub-surface flows would always 
be followed by grouting with portland cement grout or other suitable 
material, Sand should be employed only in special cases where known 
large voids are to be filled and where its use would effect a substantial 
reduction in cost. An example of the difficulties resulting from the use 
of pneumatic injection, and of a sand admixture, was disclosed during 
construction of the Owyhee Dam. A zone grouted by this method was 
later excavated. It was found that the grout materials had separated, 
leaving alternate deposits of sand and grout, and voids produced by 
entrapped air. 

Experience and familiarity with grouting procedure is again a major 
factor in determining the proper pressure. No rule of thumb method for 
determining allowable pressures is practicable. The maximum allowable 
pressure can only be determined by the character and condition of the 
foundation material, the depth of the hole, weight of the superimposed 
structure, and other pertinent factors. The person in chrage of the 
grouting must, at times, vary the pressure to fit local conditions, such as 
rate of injection or evidence of movement or displacement of the founda- 
tion material. One psi per foot of hole would, generally, be insufficient 
to grout the desired area thoroughly. It is deemed unlikely that con- 
trolled pressure would damage, seriously, the foundation rock upon 
which no load has been superimposed, as any movement which occurred 
would relieve the pressure by permitting a freer flow of grout and filling 

seams thus opened, 


Mr. Minear states, in connection with Grouting Procedure, that “Split 


grouting is accomplished by selecting every fourth hole in a series 
as the initial or primary grouting holes. These holes normally take ail 
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relatively freely and at comparatively low pressures. The second step in 
the procedure consists of drilling and grouting the intermediate holes. 
Since the major passages have been filled by the primary grouting, 
these holes are more resistant and consequently thinner grout, higher 
pressures or both are required for injection.”’ Generally, the primary 
holes in any series should be spaced much farther apart than he suggests. 
Under certain conditions, a spacing of several hundred feet is preferable. 
This is particularly true in curtain grouting, which is usually done with 
high pressures. Intermediate holes should not, as a rule, be grouted at 
higher pressure than the primary holes. As I have previously stated, the 
maximum allowable pressure is determined by such factors as the char- 
acter and condition of the rock, superimposed weight, ete., and is not 
governed by prior grouting. Further, not all holes in a series intersect 
the same seams or fissures, and it sometimes happens that intermediate 
holes accept more grout than the adjacent primary holes, 

Considering the several grouting techniques, we have found that stop- 
or packer-grouting is generally preferable to and cheaper than stage 
grouting. It permits individual treatment of major defects, and has the 
added advantages of eliminating several moves of the drilling and grout- 
ing equipment and, since grouting performed is from the lower zones 
upward, it reduces voids due to entrapped air and water. The need for 
washing the hole after grouting is likewise eliminated, thus avoiding 
the possibility of washing too soon and removing grout from the seams 
in the rock. It can also be substituted, economically, for series grouting 
in many cases where this method might be employed to a depth of more 
than 30 or 40 ft. 

The packer is set at the lowest point in the hole at which the drilling 
may have indicated special treatment to be in order. When the packer 
is set the hole should be water tested, not only to determine the desirable 
W/C ratio and possible rate of injection, but also to assure that the packer 
is set in a tight position and will not be bypassed by the grout. If a water 
return indicates leakage, the packer may be moved until a tight position 
is located, 

Several successive settings of the packer may be made, working from 
the bottom of the hole upward. Maximum grouting pressures should, 
of course, be limited to the safe pressure for the depth at which the packer 
is set, 

Another advantage of this method is that a W/C ratio may be selected 
Which is best suited to the particular section being grouted, It is always 
advisable to start with a reasonably high W/C ratio, reducing it when, and 
if, the several indicia show this to be advisable, 

A pressure gage should always be used on the manifold hook-up at the 
collar of the hole, in order to maintain proper control of the grouting. 
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When a section of a hole has been grouted to refusal, the line valve should 
be closed and the hole valve opened to determine whether or not any back 
pressure is being exerted. Back pressure should be allowed to dissipate 
before the packer is moved. 


An apparent feature of series grouting, which would occur to persons 
not thoroughly familiar with the work, is that the initial grouting of the 
surface rock would fill seams and prevent grout loss from succeeding 
lower zones. This is not true in practice. Seams and fissures which leak 
badly during grouting of the initial zone usually leak, also, during grout- 
ing of the second and even the third zone, below. Therefore, we find that 
a theoretical major advantage of this method does not always give the 
desired result. 


In the event that a hole to be grouted is above the ground water level, 
sufficient water should be pumped in to wet the rock thoroughly and 
lubricate the hole. This is particularly important in hot climates where 
the rock may be quite warm. Dry, warm rock will draw the moisture 
from the grout, thus, materially reducing the W/C ratio, retarding the 
travel and hastening the setting of the grout. 


When grouting holes that accept large quantites, requiring consider- 
able time for completion, it is normally advisable to stop injection occa- 
sionally and wash the hole with clear water. This procedure washes the 
walls of the hole and removes at least part of the thickened grout which 
adheres thereto, and sometimes clogs the seams and causes refusal short 
of the desirable acceptance. As soon as the hole has been washed out, 
injection of grout is resumed. Washing may be repeated at intervals 
several times on the same hole, if conditions warrant. 

Mr. Minear further mentions that initial water pressure on a tight hole 
should be maintained for a few minutes, as this will often remove drill 
cuttings which may be choking the fine seams in the rock. Our expe- 
rience has been that the pressure should be maintained for a much longer 
period. ‘Tight holes are, sometimes, thus opened sufficiently to accept 
grout. 

During drilling of a grout hole, much valuable information can be ob- 
tained by maintaining a careful watch of the returning drill water. If the 
water return is insufficient to carry away all of the cuttings, drilling 
should be suspended and the hole grouted at that point. Failure to do so 
may cause the blocking, or filling with cuttings, of seams which would 
otherwise accept grout, thereby, resulting in an incompletely grouted 
hole. If a hole returns a larger flow of water than is being introduced 
for drilling, the drilling should be suspended at that point, and the hole 
grouted, The presence, thus indicated, of excessive quantities of water 
suggests a requirement for special treatment of the zone wherein the 
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water originates. Conditions of this kind may require a W/C ratio which 
would be too low for optimum results in the balance of the hole. After 
this type of special treatment, when the grout has attained the initial 
set, the hole should be washed so that drilling may later be continued 
to the final depth without redrilling. 

We formerly used grout agitators of the same design as shown in Fig. 
3 of Mr. Minear’s report. The guide bearing, however, was frequently 
immersed in the grout and damaged by the abrasive action of the cement. 
Modifying the design by placing the guide bearing between the channel 
irons which support the motor has alleviated this condition and little 
trouble is now experienced, 

Many other conditions may be encountered which call for special, 
individual consideration and treatment. Few of these can be foreseen, 
and the correct solutions must be arrived at on the job when problems 
appear. Experience, coupled with good judgment, is the only back- 
ground which will assure the proper handling of the various situations 
which arise. 


By J. S. LEWIS, Jr.* 


In his interesting paper Mr. Minear has presented a valuable summary 
of fundamental information and practical advice on the subject. <A 
careful study of this paper should enable an engineer confronted with 
the problems involved in sealing and consolidating dam foundations to 
devise equipment and methods adaptable to the peculiarities of any given 
situation. Mr. Minear’s paper contains a very complete description of 
many of the practices that have been developed for the treatment of the 
foundations of dams founded on rock, and it is a substantial contribution 
to this highly specialized field, 

The importance of the necessity for sealing against percolation may at 
times cause considerations of economy to be unduly subordinated because 
of fear that the treatment may suffer in effectiveness. However, it should 
be recognized that when extensively treating stratified rock, it is possible 
to pump in large quantities of grout that, because it follows paths of 
least, resistance leading away from the foundation area is, in effect, 
wasted. This waste may be prevented or reduced in the case of blanket 
grouting by first grouting at low pressure a line of holes around the 
boundary of the area to be treated, These holes may be so located as to 
form a part of the pattern of holes chosen for blanket grouting, and 
actually they form a preliminary shallow cut-off that also contributes to 
the treatment of the whole area. Sizeable economies may result from 
taking this precaution, 


*Lowls and Lowman, Knoxville, Tenn., formerly Conatruction Supt,, TVA, 
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The determination of the proper size of drill hole should, in addition 
to the factors mentioned by the author, be influenced by the nature of 
the foundation rock. Sedimentary rocks frequently contain seams and 
fissures that are partially or completely filled with mud, and removal of 
this material is essential if lasting impermeability is to be obtained with 
a minimum of grout. This is usually accomplished by flushing with water, 
or a mixture of air and water, until evidence of opening of the seams is 
obtained. Reduced resistance to the inflow of washing water, and clearing 
or increase of volume of overflow from nearby holes may serve as indica- 
tors. Large volumes of water are required to remove mud, and if ex- 
ploration has revealed the existence of filled seams, grout holes should be 
sufficiently large to permit the introduction of the necessary quantities. 
When washing is unnecessary, small holes may serve even better than 
large ones for the injection of grout. The relatively high velocity of the 
grouting mixture in the small holes has a scouring effect that probably 
reduces the tendency of the cement to adhere to the sides of the hole 
and close it prematurely through gradual reduction of the size of the 
passage. 

Admixtures such as sand or rock flour ordinarily would be used in 
the hope of achieving economy by reducing the quantity of cement re- 
quired, but only very special conditions can justify them or assure a 
saving. When it is certain that a large cavity of limited extent has been 
intercepted by a drill hole, the addition of sand may be considered, but 
cognizance should be taken of the fact that sand drops out of the grout- 
ing fluid rapidly when the velocity decreases. Sand should not be added 
to grout for filling ordinary seams because of its tendency to drop out 
of the grout solution and plug the seams near the hole, thus preventing 
effective treatment of the desired area. When rock flour is used as an 
admixture, it retards the setting time of the grouting fluid appreciably 
and the total quantity of cement pumped into a hole under such cir- 
cumstances might easily exceed the volume that would have been used 
in a neat mixture in which chemical action was unretarded. These 
observations apply to rock widely seamed along bedding planes and 
might not apply to a geological formation characterized by blocked 
seams or fractures that required high pressures for filling. 

The procedure which the author ternis “Stop Grouting’? may lead to 
serious difficulties which become especially prevalent when high pressures 
are used. These arise from the fact that seams along bedding planes are 
usually connected to parallel seams by fissures that follow the joint 
system of the rock. Grout pumped into the zone that has been isolated 
below the packer thus frequently travels upward through fissures that 
connect with seams above the packer and flows into the hole above the 
packer. This may occur without any surface indication whatsoever, 
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so that the first warning of what has occurred comes when efforts are 
made to raise the packer to the next position and it is found to be firmly 
grouted in. Not only has the packer been lost, but the possible usefulness 
of the hole has been greatly reduced because the zone above the packer 
has been partially sealed at a pressure lower than intended. 

In planning a program of foundation treatment, the possibility of 
achieving economy and certain effectiveness by tunnelling where war- 
ranted by conditions should not be overlooked. When a large seam is 
encountered, a small tunnel driven along the seam so as to fall in line 
with the grouted cut-off may be filled with concrete to form a positive 
seal. Holes that are drilled later from the surface may be located so as 
to pass through this concrete cut-off and will serve for grouting any 
shrinkage space above the concrete as well as smaller seams above and 
below it. This positive concrete cut-off is certain to prevent the waste 
of large quantities of grout that would have flowed into the seam but it is, 
of course, impossible to determine definitely whether a saving has been 
effected. 

Generally speaking, any grouting program must be sufficiently flexible 
to permit its immediate adaptation to the unanticipated developments 
that are certain to occur in the field. By using the principles set forth 
by the author and selecting engineers possessing initiative and imagina- 
tion to direct the work, good results should be assured under any condi- 
tions likely to be encountered. 


By O. T. YATES® 


The paper by Mr. Minear is a very important contribution to grout- 
ing literature especially in his description of an analytical method of 
determining grouting pressures, an issue which has been settled by guess 
for many years sometimes with disastrous results. 

The fact that grouting is one of the most controversial operations 
in construction of major structures is well-known by anyone who has had 
anything to do with this type of construction. One phase of this con- 
troversy is a complacency shown by many engineers when the matter of 
foundation grouting is under discussion, an attitude of all being for the 
best in this particular foundation. There are also many: times where 
attempts to economize in the design of the grouting program have proven 
extremely costly. 

Another point of difference which is hotly contested is whether to 
accomplish the grouting as part of the construction contract, by separate 
contract, or by use of the owner’s forces. The writer is of the opinion that 
the blanket grouting should be done by the construction contractor, since 


*Engineer, Ohio River Division, Corps of Engineers, Cincinnati, Ohio. 
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this type of grouting can be more exactly specified with little probability 
of change during the operation. Curtain grouting on the other hand 
can turn out to be an entirely different operation from that anticipated 
and written into the contract specifications requiring changes for which 
the contractor may demand higher prices. It is also true that, since 
grouting has become more complicated, unit prices bid for this work are 
increasing out of proportion to increased construction costs and the 
complications of the job. For these reasons it appears that a better 
grouting job can be obtained at probably the same or lesser cost if it is 
done on a hired labor basis by the owners forces. 


The size of the grouting gallery does not seem to be of much moment, 
but to the man who has to operate drills and grouting equipment in 
the confined space it is of paramount importance. The writer has ad- 
vocated a 6 x 8-ft. gallery instead of the 5 x 7-ft. While this extra foot 
does not seem to be much, and statements have been made that it will 
increase cracking in the mass concrete in the dam, the writer is of the 
opinion that there are other more important factors causing cracks in 
dams. It is believed that a better arrangement of the gallery is to have 
the gutter on the downstream side with the drain holes terminating in 
the gutter and the grout holes in the floor. This simplifies the con- 
struction and makes it easier to check the drainage from individual 
holes. 

There has been considerable controversy as to whether percussion 
drilled holes were as suitable for grouting as rotary drilled holes. A 
considerable amount of data collected and collated at a large dam on a 
shale and sandstone foundation showed a very minor difference, and 
that in favor of the percussion drilled holes. 

The use of admixtures with portland cement should be used only after 
serious consideration has been given the function which the grout is to 
perform. Too many times admixtures are used as an economy measure 
when they are a definite detriment to the work. 

In the opinion of the writer the most important man on a grouting 
job is the inspector at the hole. He should be a man with imagination, 
initiative, and an abiding curiosity and an interest in his job beside 5 
o’clock and pay day. Such men are not easy to find and should be paid 
accordingly. A competent inspector will be worth a great deal in the 
effectiveness of the grouting and economies of not over-grouting. 


By EDWARD B. BURWELL, Jr.* 


The paper by Mr. Minear is a valuable and instructive discussion 
on the theory and practice of foundation grouting. Its value is en- 


*Head Geologist, Office, Chief of Engineers, U. 8. Army, Washington, D. C. 
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hanced by the large practical experience of the author who clearly 
recognizes the paramount importance of the human factor in dealing with 
problems of this nature. Perhaps no other phase of dam construction 
depends so much upon experience and sound judgment for successful 
accomplishment. 

In his introductory remarks, Mr. Minear stresses the importance of 
adequate geological information in planning and carrying out grout- 
ing operations. Some elaboration of this requirement appears warranted, 
because the type of foundation rock and its details of structure should 
exert a major influence in determining the whole grouting program. 
Close cooperation between the geologist and foundation engineer should 
be maintained throughout grouting operations in order that the engineer 
may be kept fully advised as to any known geological conditions that 
may effect the grouting procedure. The location, pattern, spacing and 
attitude of the grout holes should be influenced by the location, char- 
acteristic and condition of the foundation flaws, and the pressures 
and procedures under which the grout is injected should be influenced 
by the type and structure of the foundation rock. Inadequate knowledge 
of these factors may reduce the operations to wasteful, inefficient and 
sometimes destructive cut and try methods. The grouting of an essen- 
tially horizontally stratified foundation having a roughly rectilinear 
pattern of joint fractures is a vastly different problem from the one of 
grouting a massive foundation jointed in various directions or a founda- 
tion composed of steeply dipping rocks. Modern requirements in dam 
site explorations are such that elaborate information on the details of 
geologic structure and on the location, size, shape, type and condition of 
rock masses is generally made available to the designing engineer. It is 
of equal importance that this information be made available to and be 
utilized by the grouting engineer. 

The major problems of foundation grouting result from two facts: 
1) that the greatest number of open fractures are present, generally, 
in the upper zone of the foundation and 2) that the average grout hole 
encounters cracks or openings of various sizes and shapes that require 
widely varying conditions of pressure and grout consistency for effective 
grouting. 

The upper, most fractured zone, is the part of the foundation that 
should be most effectively sealed, because reservoir water has access 
to it more readily than to any other zone. Moreover, it exerts the 
greatest influence on the development of hydrostatic uplift. As the 
tightness and durability of the grout seal are functions of pressure, 
it follows that the grouting procedure that permits the use of the highest 
pressures in this zone is the one that meets best the theoretical require- 
ments. Grouting from open foundation surfaces, regardless of the method 
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and procedure employed, requires that the lower pressures be used in the 
upper zone because the higher pressures may damage the foundation, 
especially if it be composed of horizontally stratified rocks. Grouting 
after a counterbalancing load has been superimposed on the foundation 
affords the only reliable means of approaching the desired maximum 
pressure in most cases. There is no rational reason for the use of high 
pressures deep within a foundation if low pressures are used in the upper 
most fractured zone. Yet this procedure has been followed in grouting 
many dam foundations, especially those on which the packer grouting 
method has been employed. In order to comply with the above basic 
requirements, this writer is of the opinion that all curtain grouting be- 
neath concrete dams should be done from grouting galleries after an 
adequate load has been placed to permit the safe use of the maximum 
proposed grouting pressure at all depths. Furthermore, it is his opinion 
that all blanket grouting, which has for its purpose the confinement of 
the curtain grout, should be limited to the area between the grouting 
gallery and the heel of the dam in order that stoppage of the natural 
drainage facilities that exist in the foundation downstream of the gallery 
may be reduced to a minimum. 

The problem of fracture variation is the one that should exert the 
greatest influence on details of procedure and technique. It may be 
assumed that each grout hole encounters fractures that take grout at 
many different pressures and that unless the viscosity of the grout and 
the pressure are such as to cause flow of grout into all fractures near the 
start of a grouting operation, premature stoppage of the finer ones will 
occur before sufficient pressure is reached to grout them. This problem 
can be reduced by starting with a relatively thin grout and running the 
pump at a constant speed at all times, but the greater the depth of the 
hole grouted in one operation, the greater is the probability of premature 
stoppage of the flow of grout into the finer fractures. Unless the pro- 
cedure is such as to permit application of grout when the larger fractures 
are encountered, rather than delaying the application until a prede- 
termined depth has been reached, an excessive number of grout holes 
may be required to complete the curtain. For this reason, and for reasons 
of better control of uplift pressures, this writer believes that the stage 
grouting method is preferable to all others. By this method, leaky zones 
are treated in the order in which they are encountered in the grout holes 
and a progressively deeper barrier is provided against the escape of 
grout and the application of excessive pressures to zones above the section 
‘of the hole being grouted. 

The application of water under pressure to grout holes at the start 
and during the progress of grouting has been frowned on by some engi- 
neers on the grounds that water may become trapped in the fractures 
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and prevent the entrance of grout. There appears to be no justification 
for this assumption because the greater portion of foundation grouting 
is done below the water table where the rock voids are filled with water. 
Moreover, the excess water in grout has to be driven out by the appli- 
cation of pressure before the paste attains the state in which it will take a 
satisfactory set. Thorough pressure washing of the grout holes to remove 
clay films and fillings and the application of water under pressure at 
the start of grouting operations are considered important aids in accom- 
plishing a good job of grouting. Many cases will also arise where the 
periodic application of water under pressure during grouting operations 
will prevent premature stoppage of fractures. Not only will pressure 
washing open many tight holes which would otherwise take little grout, 
but it is a valuable guide in determining the grout consistency. 

Successful grouting depends in large measure upon the use of the 
proper consistance of grout at the proper time. A grout hole may be 
lost by using too thick a mix. However, it is desirable to bring the 
pressure near the allowable working pressure by increasing the viscosity, 
if necessary, as early in the grouting operation as is practicable, in 
order to get action on as many fractures as possible before premature 
stoppage can occur. No set rules can be stated for the control of the 
water-cement ratio. It should be varied to meet the characteristics of 
the hole as they develop and will depend largely upon the experience and 
judgment of the operator. 

This writer is in complete accord with Mr. Minear relative to the 
size of grout holes and believes that there is little justification for drilling 
them larger than the inside diameter of the grout supply line. The EX 
bit, which produces a hole approximately 1! in. in diameter, is ideally 
suited to grout hole drilling. Any advantages of the larger size bits 
will be more than offset by the greater economy of the smaller which 
permits a closer spacing of holes for the same over-all cost. 


By F. H. LIPPOLD* and ROY E. KEIM* 


This paper is a good contribution to foundation grouting problems and 
brings forth many of the major points of consideration that are essential 
to any satisfactory grouting program. The author has dealt with a 
subject on which it is difficult if not impossible to set up any positive rules 
that will apply to all foundations. The writers believe that current 
practice has dictated a few general procedures that may not be in full 
agreement with some of the statements made in the paper. 

Blanket grouting is not necessarily limited to the area between the 
axis and heel of adam. While the blanket grouting of the upstream area 


*Engineers, Bureau of Reclamation, Denver, Colorado. 
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serves as reinforcement for the near-surface section of the main cutoff, 
that is not its only purpose. Most of the dams built by the Tennessee 
Valley Authority and a number of other dams have required extensive 
blanket grouting over the entire area to consolidate the foundation suffie- 
iently to support large superimposed loads. Blanket grouting is seldom 
used alone inasmuch as foundations requiring this type of treatment 
will also require a cutoff curtain even though it may be only a deepened 
row of the blanket grout holes. 


The writers agree that a small-diameter hole is the most economical 
inasmuch as it has been conclusively proven that large quantities of grout 
can be injected through the smaller holes. Close spacing of holes is 
essential to successfully grout some foundations. Except for the allow- 
able maximum spacing, no predetermined spacing can be given; the final 
spacing can only be determined from the results of field grouting opera- 
tions. For example, if holes on 10-ft centers take considerable quantities 
of grout, the spacing is reduced until it is felt that the area is fully grouted., 
On some jobs it has been necessary to drill holes on as close as 1-ft centers 
due to special conditions in a cutoff zone. 


As grouting materials, clay and asphalt are not usually used in grouting 
foundations under permanent structures. Clay and clay-cement mix- 
tures may be used in reservoir rim grouting, and asphalt is often used to 
temporarily stop the flow of water under a structure to enable the more 
permanent cement grout to be effectively placed. Chemical grouting, 
while used in Europe with considerable promise, is yet to be proven in 
this country. 

Grout injection by pneumatic methods is largely prohibited in present 
day specifications. Pneumatic grout injectors may be necessary under 
special conditions where the use of sand, sawdust, cinders, etc., is re- 
quired. The double-acting duplex pump is the only proven pump that 
will give close control, steady pressure and a continuous rate of injection. 
The author has pointed out most of the defects of placing grout by the 
pneumatic method. 


The writers agree that usually the blanket grouting is done prior to 
concrete placement. However, there have been special foundation con- 
ditions such as open and closely spaced vertical jointing, necessary sup- 
port of a jointed vertical face, and grouting of springs, that have necessi- 
tated performing the blanket grouting after some concrete has been 
placed. Blanket grouting performed after concrete has been placed has 
the disadvantage of being expensive as the holes must be extended 
through the concrete. In addition to this, it is often necessary to use low 
grouting pressure to avoid displacement of the structure unless sufficient 
concrete has been placed to give added support. 
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Grouting requirements vary widely from job to job and any formula 
for determining the allowable pressure such as the author outlines may be 
misleading. ‘The conditions and factors that are outlined must be con- 
sidered, but the deciding factor is the foundation displacement. The 
maximum allowable pressure is usually: that which will not cause appre- 
ciable foundation displacement but which will effectively grout the 
smaller joints. The safest way to determine allowable pressures is by 
field test. W/C ratios may affect the pressures used, but in foundations 
generally requiring thin mixes the grout distribution will be over a 
smaller area than in formations where the joints are more open thereby 
allowing the use of thicker grout. 

The three methods mentioned, stage, stop, and series grouting, are 
used for treating nearly all foundations of major structures. They are, 
however, usually used in combinations of series and either stage or stop 
grouting, or with all three methods combined. Some engineers, for 
economic reasons, have preferred to drill and grout the full depth of 
hole in one stage but in recent years this method has been proved to be 
less effective. In weaker foundations the stop-grouting method may be 
necessary in order to apply more effective pressures in the deeper holes. 
The author lists one of the advantages of series grouting as the ability 
to use percussion drills in the shallower cutoff zones. This may be an 
advantage from an economic standpoint; however, percussion-drilled 
holes often are not effective as grout holes because the smaller joints and 
cracks intercepted tend to become plugged by the dry or pasty drill 
cuttings. The use of percussion drills under these conditions would be 
inadvisable. 

The field technique of manipulating W/C ratios, pressures and rate of 
injection, as illustrated by the author is a much debated subject. Prob- 
ably one of the most questioned procedures is the practice of thinning the 
grout mix as the hole nears completion. Also, in many types of founda- 
tion rock it has been found that grout mixes thicker than a 3:1 (W/C by 
volume) being pumped at high pressure (300 to 500 psi) will plug the 
hole in a short time. In these cases it has been necessary to continue 
with thin mixes at a high pumping speed to effectively grout the founda- 
tions. The other extreme of the above condition has also been experienced, 
in which a 1:1 W/C grout mix has been pumped for several days. In- 
creasing the W/C ratio of the grout may be necessary where an effort has 
been made to pump too thick a grout; but the writers believe that after a 
hole has accepted thicker grout for a considerable length of time the mix 
should not be thinned near the completion of the hole. There are several 
reasons for this belief, the most important of which are: 1) excess water 
injected near the completion of a hole may leave inferior grout in the 
joints near the hole as the rock is usually saturated at this stage and will 
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not absorb the excess water from the grout; 2) thinner grouts may open 
previously sealed leaks and 3) the small joints leading from the hole that 
might accept the thin grout have previously been plugged by the thicker 
grout. Furthermore, if there are smaller seams that require additional 
treatment, they may be more effectively grouted through intermediate 
holes. 

Until a few years ago there was no pump on the market which would 
operate in an entirely satisfactory manner as a high-pressure grout pump 
in its commercial state. It was then necessary to make the vital changes 
that the author mentions in the valves, liners, pistons and rods. Pump 
manufacturers now supply pumps with the above modifications incor- 
porated when they are ordered for grouting service. Specifications for 
the purchase of a pump, however, should state clearly that it is to be 
used for high pressure grouting service. 


AUTHOR'S CLOSURE 


The primary purpose of the writer in preparing the basic paper was to 
stimulate discussion on the subject. There was no thought of laying 
down authoritative rules; rather, it was hoped that by bringing debatable 
subjects (such as hole size, spacing and grouting pressures) out into the 
open, he himself could learn much from the experience of others. 

There is a considerable divergence of opinion expressed in the various 
papers. This was expected. Mr. Hall (and others) has pointed out that: 
“The wide range of variable factors makes the grouting of each hole an 
individual and distinct problem.’’ These variable factors are even more 
pronounced when considering the foundations for different dams than 
they are when dealing with different holes in the same foundation. And 
since successful foundation grouting consists essentially of devising a 
technique which will meet local requirements, there is bound to be diff- 
erences of opinion among engineers having different experiences. Thus 
the methods used successfully on the felsite of Owyhee Dam, the andesite 
of Boulder Dam and the granite of Grand Coulee Dam would have to be 
modified considerably before they could be used on the sedimentary 
formations of the Tennessee Valley Authority dams. 


There is one point upon which all are in agreement; that is the desir- 
ability of experience and background as a prerequisite for the engineer 
directing foundation grouting operations. It is believed that any engineer 
having a grouting problem could read the foregoing six discussions with 
profit, since they represent the considered opinions of field men whose 
combined experience comprises the injection of millions of sacks of cement 
into the foundations of most of the major dams that have been con- 
structed by the United States Government during the past two decades. 
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This part of the paper contains data on the amount of ice that can 
exist in hardened portland cement paste under given conditions. Also 
some theoretical aspects of the data are considered. 


THEORETICAL FREEZING POINTS 


From the fact that the evaporable water in hardened paste exhibits 
different vapor pressures when the sample is at different degrees of satura- 
tion, we could anticipate the now known fact that not all the evaporable 
water in a saturated paste can freeze or melt at a fixed temperature. This 
can readily be deduced from Fig. 8-1, which is a diagram illustrating 
(on a distorted scale) the relationship between the vapor pressure and 
temperature for water and ice. The upper curve represents the relation- 
ship for pure water under the pressure of its own vapor, p,. Similarly, 
the curve marked “ice” represents the relationship for ice under the 
pressure of its vapor, p;. The vapor pressures of the two phases are 
equal only at point A. This is the only point where the free energies 
of the ice and pure water are equal and hence the only point where ice 
and pure water can coexist. If a salt is added to the water, the vapor 
pressure of the solution bears a nearly fixed ratio to the vapor pressure 
of pure water at all temperatures, as indicated by the line marked ‘“‘so- 
lution.”” (The position of this line depends on the salt concentration.) 
Pure ice can coexist with the solution only at point B, which is at a 
temperature below 0 C. 

It is clear, therefore, that the evaporable water in a saturated hard- 
ened paste will not begin to freeze at 0 C because of its content of dis- 
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Fig. 8-1—Phase equilibrium diagram 
for water and ice (distorted) 
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solved hydroxides. Moreover, when freezing begins, and pure ice 
separates from the solution, the solution becomes more concentrated and 
thus the freezing point is lowered further. It follows that the evaporable 
water will freeze progressively as the temperature is lowered. 

At this point we recall the discussion in Part 3 showing that the 
reduction in the vapor pressure of evaporable water is caused not only 
by the dissolved salts but also by capillary tension and adsorption. At 
saturation the effect is due entirely to dissolved material, but as the 
evaporable water is removed the effect of capillary tension and adsorption 
increases, and it exceeds that of the dissolved material after only a little 
of the evaporable water has been removed. A given reduction in vapor 
pressure signifies the same reduction in freezing point, regardless of 
the mechanism by which the reduction is effected. Hence, we may con- 
clude that if the ice separates from capillary water or adsorbed water in 
the same way that it does from a solution, the freezing point will be the 
same as for a solution of the same vapor pressure. 

Application of Washburn's equation 

The reduction in freezing point for such a system can be ascertained 

from the following semi-empirical relationship given by Washburn‘! * 
Di 1.14894 


logio /? = —~—"- + 1.33 x 10°? — 9.084 x 10-7, . (1 
mS ee 
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*See references end of Part 8. 
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pi = vapor pressure of ice at temperature (, 
Ds vapor pressure of pure water at temperature ¢, and 
t = temperature, deg. C. 

Let p = vapor pressure of evaporable water in cement paste. 


Then, where the ice and the evaporable water are in equilibrium, that 
is, at the freezing point, p = pi, and 


NT Sik ea ac secre besepeses (2) 
Thus, eq. (1) gives the relative vapor pressure of water (or solution) that 
will be in equilibrium with ice at any given temperature. In other words, 
it gives the freezing temperature corresponding to any given value of 
p/psforthe system. A plot of this equation appears in Fig. 8-2. 
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Fig. 8-2—Relationship between p/p, and freezing point 


Eq. (1) gives substantially the same result as the following equation 
given by Kubelka™: 





I i dans chs bskieiein(Vd'k'n sas vieia'n « (3) 
ae rq 
where T, = normal freezing point, deg. K, 


T = freezing point in capillary system, deg. K, 

vy = molar volume of fluid, 

a; = surface tension of fluid, 

r = radius of curvature of fluid surface, and 

q = latent heat of fusion of fluid. 
This equation was derived from thermodynamic considerations, taking 
into account the influence of capillary tension. It involves the assump- 
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tion that the liquid phase is in tension while the ice is under normal 
pressure. 

One of the objects of this investigation was to verify eq. (1) as applied 
to cement paste, or to find an empirical substitute for it. It is apparent 
that from the correct relationship the amount of water in a saturated 
paste that is freezable at any given temperature could be obtained from 
the adsorption curves, after applying temperature corrections. That is, 
the amount of freezable water could be obtained from the sorption 
characteristics measured at 25 C, for example, after correcting the value 
of p/p, at 25 C to what it would be at the freezing point. 

To apply eq. (1) to the freezing of water in cement paste is tantamount 
to assuming that the ice forms as a separate microcrystalline phase, 
the crystals being so large that they exhibit the normal properties of 
ice, and that the ice is under normal external pressure. As will be seen, 
the experimental data do not definitely confirm these assumptions, but 


they indicate that the assumptions are substantially correct, at least 


for the freezing of saturated pastes. The causes of uncertainty will be 
discussed later. 


APPARATUS AND METHODS 
Test samples 


The test samples were granules of cement paste or cement-silica paste. 
They were obtained by the method described in Part 2. The original 
specimens (cylinders or cubes) were crushed and sieved, the particles 
caught between the No. 14 and No. 28 sieves being taken for the freezing 
experiments. Each sample was treated as follows: 

The evaporable water was removed from the granulated sample by 
drying in vacuo over Mg(ClO4)2.2H2O0 + Mg(ClOs)24H.O. Then water 
was added to the dry granules in such quantity as to saturate them. This 
procedure is described in Part 2. 

Most of the sample prepared in this way was then transferred to a 
dilatometer, without packing the granules in the bulb. All operations 
involved in the transfer were carried out in a water-saturated atmosphere 
to minimize losses of moisture from the sample. 


Dilatometers 

A drawing of a typical dilatometer is shown in Fig. 8-3. This is 
essentially the same instrument used by Elsner von Gronow®™ in his 
experiments with hardened paste and by Foote and Saxton, Jones and 
Gortner, and Bouyoucos,“ who studied various materials. 


Freezing and thawing procedure 
The sealed dilatometer was placed in a cryostat (initially at room 
temperature) with the stem vertical. During the ensuing night, the 
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() Fig. 8-3 (left)—Sketch of typical dilatometer 
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Fig. 8-4 (below)—Sketch of apparatus used for filling 


dilatometers with toluene 
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temperature of the cryostat was allowed to drop gradually to about 
—20 C. The bulb of the dilatometer was then cooled quickly to about 
— 78 C by placing it in a mixture of solid carbon dioxide and alcohol. The 
stem was connected to a vacuum pump through the apparatus shown in 
Fig. 8-4. After the air was removed, toluene in bulb D was caused to flow 
into the dilatometer by manipulating flexible connections and pinch 
clamp E which admitted atmospheric pressure. By repeating such 
manipulations, all the space surrounding the frozen grains, as well as the 
bore of the capillary stem, was filled with toluene. 

After the level of the toluene in the stem had been adjusted to a point 
near the bottom of the scale, the top of the calibrated stem was sealed 
to prevent loss of toluene by evaporation. Then the loaded dilatometer 
was transferred back to the cryostat, still at about —20 C, without 
allowing the sample to thaw during the transfer. The final dilatometer 
reading ‘at —20 C was taken the following morning. 

After the initial —20 C reading was obtained, the temperature was 
raised stepwise, allowing time for the level of the toluene in the stem to 
come to rest after each change in temperature. A constant level was 
usually established in about one-half hour, but each temperature was 
maintained for at least 1 hour. 


The procedure described above was used for most of the data dis- 
cussed herein. Other data were obtained earlier when the methods were 
less well developed. In some cases, the saturated sample was sealed in 
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Fig. 8-5—Cryostat used for freezing studies 


Left—Over-all view 
Above—Top of cryostat proper 


the dilatometer and the toluene was introduced with the aid of a vacuum 
pump without first freezing the sample. Although the granules were 
wetted with toluene before they were subjected to low pressure, this 
procedure probably resulted in a small loss of evaporable water. Also, 
the top of the dilatometer stem was sealed only with a rubber cap. This 
permitted a small loss of toluene during the course of the experiments. 
The samples prepared in this manner were usually started above the 
freezing point and the freezing curves as well as thawing curves were 
obtained. 
Description of cryostat 

The cryostat used in these experiments is shown in Fig. 8-5 and dia- 
grammatically in Fig. 8-6. It consists of an alcohol container G, equipped 
with cooling coils. Within this container is a double-walled glass vessel 
also containing alcohol. This is the cryostat proper. It contains an 
electrical heating coil, not shown, a motor-driven stirrer, C, and a mer- 
cury-toluene type thermoregulator, B. The temperature of the alcohol 
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; is indicated by the 8-junction copper-constantan thermopile, T, having ' 


its cold junction in melting ice outside the cryostat, as indicated. The 
e.m.f. of the thermopile is measured by means of a Type K potentiometer 
and suitable galvanometer. A single dilatometer, D, is shown. Actually, 
four dilatometers could be accommodated simultaneously. 


GENERAL ASPECTS OF EXPERIMENTAL RESULTS 

Dilatometer curves 

Results of a typical experiment on a saturated sample are given in 
Fig. 8-7. Beginning at point A, the temperature was lowered stepwise 
and the corresponding changes in dilatometer readings were observed. 
These changes were converted into volume change, the volume at —0.2 C 
being taken as the reference point. As shown, the points describe 
the straight line AB. This represents the thermal contraction of the 
3 whole system, pyrex-glass bulb, toluene, and water-saturated sample. ‘ 
Be At about —7.5 C, point B, a sudden expansion occurred, giving the rise 
& BC. Further cooling produced the curve CD. Since CD does not fall 
as steeply as AB, we may conclude that further expansion accompanied 
the change from —7.5 to —25C. 
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Beginning at —25 C (point D) the temperature was raised stepwise 
and the curve D to H was obtained. A comparison of the slope of AB 
with the various slopes of DH shows that each increment of temperature 
caused expansion up to point E. But the expansion accompanying each 
increment of temperature was less than the normal thermal expansion. 
This indicates a progressive melting of ice. Along EF, contraction 
occurs, showing that the contraction due to melting exceeded the thermal 
expansion. At temperatures above G, the volume increase is due to 
thermal expansion only, as shown by the parallelism of GH and AB. 

The results described above are typical of all such tests made on 
saturated granules of paste. During the time when the points fell along 
AB, below —0.2 C, the water remained in a supercooled state. All the 
water that might have frozen between —7.5 and —0.2 C changed to 
ice at —7.5 C. In various experiments the extent of supercooling ranged 
from about —5C to —12C. Sometimes freezing was started by tapping 
the stem of the dilatometer. It seems likely that at other times chance 
vibrations determined the extent of supercooling. 

The fact that DE and DC do not coincide is probably another mani- 
festation of hysteresis. We have already seen that the progressive drop 
in freezing point indicates a corresponding progressive drop in relative 
vapor pressure of the unfrozen evaporable water. The freezing of a part 
of the evaporable water has an effect on the unfrozen evaporable water 
similar to the loss of evaporable water by drying. Likewise, the melting 
of ice has an effect like that of increasing the evaporable water content 
of a partially dry specimen. Hence, by analogy we can see that the 
freezing curve is a desorption curve, with temperature representing vapor 
pressure. The melting curve is conversely an adsorption curve. 





fi arn 


oem reyagttnnen a ipa ei gpdlintentae gp recon : . scbesnioigh 







942 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 1947 

































Fig. 8-8—Freezing and Sr ee 
thawing of silica g 
v - 4 
uv 
o 
go 
3° 
fc 
; «freezing 
. oe Jhawing 
| 
| 
“rts? st tt 4 lt lt SSS 
Ternperature, °C 
10 7 as 7 7 Ls 7 7 T T Tt 7 t T 7 
§ 
c 
bo 
+ = © freezing 
aA « Thawing 
Vv 
2 WP 
5 60} 
Fig. 8-9—Results of ex- f 
iment for measuring 
eezing and thawing of » 
ice in hardened cement 4% 
paste by the dielectric ¢ een eae P 5 TR EPR b 
metho “0 a a ae ae oe et oe bre Sf @ 6-6 7 OS 


Temperature, °C 


The curves DE and DC in Fig. 8-7 show, by comparison with AB 
that the contraction per degree on melting is less than the expansion per 
degree on freezing. This result is as would be anticipated from the fact 
that the decrease in evaporable water content per unit decrease in p/p, 
is, in the upper range of pressures, less than the increase in evaporable 
water content per unit increase in p/p,. 


Effect of hydration during the experiment 

A significant feature of Fig. 8-7 is the position of point G with respect 
to A. Point G is that at which all ice disappears—the final melting 
point. The fact that it is below A shows that the volume of the system 
decreased permanently during the freezing and thawing cycle.* Re- 
peated cycles on one sample showed that shrinkage increases with each 
cycle. It was suspected that the shrinkage was due at least in part to 
hydration of cement in the sample during the test. To check this possi- 

*This particular example showed a ee greater permanent change than did others. It represents 


a test made before the practice of sealing the dilatometer stem was adopted. Consequently, most of the 
change may be due to loss of toluene. 
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bility, some special tests were made on silica gel. Fig. 8-8 gives the 
result, 

The amount of evaporable water that was in this sample of silica gel 
is not known exactly, owing to losses of moisture during the preparation 
of the dilatometer. However, it is believed to have been slightly more 
than the amount required to saturate the granules of silica gel. The 
feature to be noted especially is that the volume after the cycle was 
completed was almost exactly the same as the original volume at the 
same temperature. The same degree of reversibility was found in three 
other tests on silica gel. 

In view of the results obtained from silica gel, it was concluded that 
the permanent contraction in volume such as is shown in Fig. 8-7 is 
due, at least in part, to continued hydration of the cement during the 
course of the experiment. Such an explanation is plausible, even though 
the original material had been cured under water for several months, 
because the granulation of the original specimen exposed fresh clinker 
surfaces and admitted water into fine gel structure that had become par- 
tially desiccated in the whole specimen (see Part 2). 

Effect of dissolved material 

One other feature of Fig. 8-7 should now be noted. Point G, the final 
melting point, is slightly below 0 C. This is the effect of dissolved 
materials, chiefly alkalies. It will be seen later that the final melting 
point of one of the samples was —1.6 C, owing to its unusually high 
alkali content. 


Detection of freezing by means of the change in dielectric constant 

Alexander, Shaw, and Muckenhirn studied the freezing of water 
in soils and other porous media by means of the accompanying change in 
dielectric constant.“ The dielectric constant of water is about 80 and 
that of ice about 4. By using the material to be tested as the dielectric 
medium between the plates of a fixed condenser, these authors were 
able to follow the course of ice-formation by measuring the change in 
capacitance of the condenser. 

Through the courtesy of Horace G. Byers, Chief, Soil Chemistry and 
Physics Research, U. 8. Dept. of Agriculture, Washington, D. C., Mr. 
Alexander very kindly tested a saturated, granular sample of hardened 
paste for us. The results are shown in Fig. 8-9. Since this represents 
but a single run, we cannot assume that all the features shown are 
significant. Nevertheless, they are of considerable interest in connec- 
tion with the interpretation of the results obtained by the dilatometer 
method. 

In Fig. 8-9 the scale of ordinates gives the dial readings of the ap- 
paratus. An increase in reading denotes an equal decrease in the capaci- 
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tance of the fixed condenser and hence a decrease in the dielectric constant 
of the sample. The curves show that in the range above 0 C, lowering 
the temperature decreased the dielectric constant of the sample. As 
the temperature fell below zero, the water in the sample remained in a 
supercooled state. At —4.5 C, freezing was started by tapping the 
condenser, producing the change in dielectric constant indicated. Low- 
ering the temperature further caused a further decrease in dielectric 
constant, the decrease being greater than could be accounted for by a 
linear extrapolation of the curve for the supercooled system. After the 
temperature reached —9.3 C, the temperature was raised stepwise and 
the melting curve was obtained. The final melting point was at —0.7 C. 
This depression below 0 C may be due entirely to the alkali content, 
but it is probably due in part to a slight loss of moisture from the sample 
that occurred while it was being transferred to the fixed condenser. 


The final melting point appears to be exactly on the cooling curve, 
indicating that the sample returned to its initial state at the end of the 
cycle. However, the slope of the thawing curve above 0 C is not the 
same as that of the corresponding part of the freezing curve. This might 
indicate a permanent change in the dielectric constant of the sample. 
Such a change would take place if some of the originally evaporable 
water would become non-evaporable through reaction with unhydrated 
cement. Since the sample was in the fixed condenser for four days, some 
additional hydration is not unlikely. 

On comparing these results with those given in Fig. 8-7, we find 
that the major features of the results obtained from the dilatometer 
method were found also with the electrical method. (A possible excep- 
tion is the evidence concerning the permanent change in the sample 
during the cycle.) It seems, therefore, that supercooling and hysteresis 
are not peculiarities of the dilatometric method but are characteristic 
of the paste. 


METHOD OF ESTIMATING THE AMOUNT OF ICE 
FROM THE MELTING CURVE 

Curves such as that shown in Fig. 8-7 show the algebraic sums of 
simultaneous expansions and contractions that accompany changes in 
temperature. To estimate the amount of ice that exists at any given 
temperature it is necessary to ascertain the net expansion, that is, the 
difference between the existing volume at the given temperature and the 
volume that the system would have had, had no freezing occurred. This 
difference was not determined with exactness for several reasons discussed 
below. 

In those tests where the specimens were cooled stepwise, as in the 
case represented in Fig. 8-7, the volume change that would have occurred 
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Fig. 8-10—Specific volume of water 
at a pressure of 1 atmosphere 


N. E. Dorsey, Properties of Ordinary 
Water Substance (New York; Rein- 
hold Publishing Corp., 1940) 

Table 94 






Specific Volume, mi/g 


$f --soxo* 


Temperature, °C 


had no ice formed could be estimated with satisfactory accuracy from 
the slope of the line established while the freezable water remained in a 
supercooled state. However, in the majority of tests only the melting 
curve was obtained and the volume change in the system when it was 
free from ice could be observed only in the range from 0 to +2 C. An 
extrapolation of the line so established into the range below 0 C involves 
an assumption that the coefficients of expansion of all parts of the system 
are, in the absence of ice formation, constant throughout the tempera- 
ture range involved, usually —20 to +2 C. So far as the solid phase 
of the paste and the pyrex bulb are concerned, this is probably not far 
from true. With respect to the water and toluene, however, such an 
assumption is at variance with fact. 

As may be seen in Fig. 8-10, water expands as the temperature is 
changed in either direction from +4 C. Hence, the volume change of the 
water is in the same direction as that of the rest of the system only when 
the temperature is above +4 C. Therefore, it follows that at readings 
taken between 0 and +2 C, the volume change of the water is opposite 
to that of the rest of the system over all parts of the curve. However, 
Fig. 8-10 shows that the mean coefficient for the water in the 0 to +2 C 
range is much different from what it is over a 15-deg. range below 0 C. 
Hence, a mean slope established by data in the 0 to +2 C range cannot 
be the same as the mean slope in the lower range. It is necessary, there- 
fore, to find a means of determining the mean slope over the lower range 
from the empirically established mean slope in the 0 to +2 C range. 
This may be done as follows: 
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V. = volume of contents of bulb at 0 C, or volume of pyrex bulb 
at 0 C, 

V, = volume of contents of bulb at temperature ¢, 

Vat = volume of pyrex bulb at temperature ¢, 

Vao and va: = Volume of solids in bulb at 0 and ¢, respectively, 

Vo. and v4, = volume of evaporable water in bulb at 0 and ¢, re- 

spectively, and 
Veo and v., = volume of toluene in bulb at 0 and ¢, respectively. 


The apparent change in volume for a specified temperature change will 
be 
(Vi — Vo.) — (Vae — Vo) = Vi — Var = AV. 
From the above definitions it follows that 
AV = (Vat — Veo) + (Yot — V0) + (Vet — Veo) — (Vae — Vo) 


Vat = Vao + Rte 
At 


At, etc., for each term of the above equation. 


Hence, 
AV _ Ame 1 An, dy Avs 
At At At At At 
The mean coefficients for each part are as follows: 
For the solid phase of the paste: 


— = 32 X 10-6 v,, (Ref. 8) 








For water: 
= = — 50 X 10-* »,,, for 0 to 2 C (See Ref. 10 and Fig. 8-10) 
Av, . +03 x: 
+ = — 216 X 10° »,, for 0 to —12 C (See Ref. 10 and Fig. 8-10) 
For toluene: 
= 1051 X 10-° v,, for 0 to 2 C 
At 
Av, € ‘ 4 
— = 1038 X 10-* »,, for 0 to —12 C (Ref. 9) 
At 
For the bulb (Pyrex-brand glass) : 
AVa _ 10 x 10* V,. 
At 
These figures substituted into eq. (4) give 
10° - = 32v.. — 50v,,. + 1051v.. — 10V., forO0 to2C............(5) 
t 
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and 
10° ~ = 32v,. — 216v,, + 1038v,, — 10V., forO to —12C. ...... (6) 
Let m = mean slope of dilatometer curve, AV /At, from 0 to 2 C, and 
m’ = mean slope from 0 to —12 C. 
Then, from eq. (5) and (6) 
10°(m’ — m) = —166v,, + 130.0 
and 
Se i eee ae ee ee (7) 
m 10° m 


Thus the ratio of the mean slope from 0 to — 12 C to that from 0 to 2 C is 
found in terms of the amounts of water, %, and toluene, vo, and the ex- 
perimentally established slope above 0 C. As applied to any specific case 
the line represented by eq. (4) was extended to —15 C and in some cases 
to —20 C. This was necessary because data on supercooled water below 
—12C were not available. 

With the mean slope of the line representing the supercooled system 
thus established for each test, the amount of ice at any given tempera- 
ture was estimated from the difference between the observed volume 
and the corresponding computed volume of the supercooled system, this 
difference being the observed net expansion. Let 

Av 
B, = expansion resulting from freezing 1 gram of water at 
the existing temperature, and 


net expansion, 


w, = amount of ice (freezable water). 
Then 
Av 
B, 


B, is itself a function of temperature, since the coefficients of expansion 
of water and ice differ both in magnitude and sign. Table 8-1 gives values 
of B, at various temperatures calculated from values of the specific 
volume of ice and water assembled by Dorsey.” 

The method of obtaining the amount of ice in the dilatometer de- 
scribed above obviously decreases in accuracy as the temperature be- 
comes lower. This is due not only to the inaccuracy of the experimental 
value for m but also to limitations on the use of Table 8-1. As will be 
seen later, the water that freezes above a dilatometer temperature of 
about —6 C is almost entirely capillary water. But below —6 C, some 
of the gel water is extracted and freezes with the capillary water. Since 
the mean specific volume of the gel water is about 0.90 (Part 5), Table 8-1 
does not correctly represent the volume change of gel water on freezing. 
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TABLE 8-1—VOLUME CHANGE OF 1 GRAM OF WATER WHEN 
FREEZING OCCURS AT GIVEN TEMPERATURES 


Volume 
Temp., change, 
deg. C ml 
(= B,) 
0 | 0.0907 
— 1.0 0.0904 
— 1.5 0.0903 
— 2.0 } 0.0902 
— 2.5 0.0900 
— 3.0 0.0898 
— 3.5 0.0897 
— 4.0 0. O896 
— 5.0 0.0892 
-~ 6.0 0. O88Y 
— 8.0 0.0881 
~10.0 0.0872 
-12.0 0.0863 
~15.0 0.0849 
— 20.0 0.0812 


Because of these considerations, the method of obtaining wy, described 
above cannot be considered reliable below about —15 C. A preferable 
procedure would be to establish the slope by supercooling the sample 
as far as possible, after the final melting curve has been obtained. 


EFFECT OF TOLUENE ON THE MELTING CURVE 


Owing to the fact that the paste granules were surrounded with 
toluene, it is necessary to consider the effect of the toluene on the position 
of the melting curve. This will be done indirectly by considering its 
effect on water vapor pressure. 

At any given temperature below 0 C, equilibrium between ice and 
capillary water can be maintained because of the effect of capillary ten- 
sion on the free energy of the water. The fact that with ice present 
the capillary tension is maintained indicates that the unfrozen capillary 
water either becomes separated from the ice so as to maintain its menis- 
cus, or else it retains its continuity and remains in contact not only 
with the ice but also with the external phase. Such contact might be 
maintained through channels too small to be frozen at the existing 
temperature. If the external phase is air, as in the electrical method 
described earlier, the capillary tension will depend on surface curvature 
and the interfacial tension at the air-water interface (i.e., the surface 
tension), according to Kelvin’s equation. (See Part 3.) If the external 
phase is toluene, the capillary tension will depend on surface curvature 
a8 before, but now it will depend on the interfacial tension at the toluene- 
water interface rather than the tension at the air-water interface. There- 








(* 








PHYSICAL PROPERTIES OF HARDENED PORTLAND CEMENT PASTE 949 


fore, the melting curves of the granules submerged in toluene should not 
be the same as when the granules are exposed to air. 
We can estimate the effect of substituting a toluene-water inter- 
face for an air-water interface by making use of eq. (3). Let 
o», = surface tension of water against air, 
ow. = interfacial tension, water against toluene, 
T,. = normal freezing point of water, deg. K, 
AT, = depression of freezing point with sample in contact 
with air, 
AT, = depression of freezing point with sample in contact 
with toluene, and 
let the other symbols have the same meaning as before. Then, 
AT; 20, 


Ow 
Ze rq 

and 
AT» 20, 
RS em 

We may assume that vy and q are the same in both cases. Hence, 

AT Ow 
AT: ws 


Interfacial tension and surface tension are functions of temperature. 
For the air-water interface, we may obtain satisfactory figures for given 
temperatures from published data. For the toluene-air interface no 
data are available except for 25 C. For the similar liquid, benzene, the 
temperature coefficient is given as —0.058 for the temperature range 10 
to 40 C. We will assume that this holds for toluene and for the lower 
temperature range. 


On the basis just described, the following results were obtained: 


t, Ow Owl ow 
deg. C Tut 
Got. ee). ee ee 
5 76.33 37.8 2.02 


10 77.00 38.1 2.02 


Hence, it may be concluded that 

AT, = 2AT7T>, approximately. 
That is, the depression of the freezing point with the sample in contact 
with air would be about twice the amount observed in these experiments. 
Or, the amount of water freezable in these experiments at —15 C, for 





f 


wo baa we a rat al tara 
a kg a pe hg pide yan, on gy topes ens. > pba 


i 


ee 
the ag il WP Sy en’ lin ems 


Pe piplekiiasnarssietghans. 





OTe RE ay Hae “A decomearae 
ei : *. ivr 


cb ic tlt i amit vn nth rnc 


ee er ear 
been peter padres ge nen 


ae 
i 





950 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 1947 


example, is about the same as would be freezable at —30 C if the samples 
were exposed to air. 


QUANTITIES OF ICE FORMED IN VARIOUS SAMPLES 


The amounts of ice formed in various samples are given in Tables 
8-2 to 8-6 and compositions of the samples in Table 8-7. The relation- 
ships between ice-content and temperature are given graphically in Fig. 
8-11 and 8-12. The results are analyzed further in succeeding sections. 


Influence of soluble alkalies 

The curves shown in Fig. 8-11 and 8-12 show that the final melting 
point differed among the various specimens. These differences are 
believed to be due to differences in the amount of soluble salts, partic- 
ularly the alkalies, in the evaporable water. The basis for this con- 
clusion is more clearly indicated by the data as arranged in Table 8-8. 


It will be noted that with three of the five cements, the final melting 
point is higher the higher the original water-cement ratio. This is un- 
doubtedly the result of the leaching out of alkalies during the 28-day 
period of water storage; the higher w./c the higher the rate of leaching. 

The dissolved alkali not only lowers the final melting point but also 
the amounts of ice that can exist at lower temperatures. The effect 
is probably proportional to the concentration in the part that remains 
unfrozen. What this concentration is, or how it changes with tempera- 
ture, cannot be told from information now available, mainly because the 
effects of adsorption by the solid phase on both the solvent and the 
solute cannot be evaluated. 


THEORETICAL AMOUNT OF FREEZABLE WATER 
AT A GIVEN TEMPERATURE 


Locus of ice in the paste 

In the majority of the tests considered here, the samples were first 
cooled to —78 C. This is the temperature at which ice has about the 
same vapor pressure as the non-evaporable water. (See Part 2.) Hence, 
if equilibrium is reached, all the evaporable water should be frozen. 
However, it should be observed that the freezing in place of adsorbed 
water is very unlikely. As shown in Part 4, when water is adsorbed 
it undergoes a change, as indicated by its decrease in entropy. The in- 
dications are that the entropy change of adsorption is greater than that 
accompanying the transition from water to ice. It hardly seems possible 
that water that has already been changed to such an extent could be 
caused to crystallize only by lowering the temperature. To be con- 
sidered also are the relative sizes of the gel pores and the capillaries. As 
shown in Part 3, the hydraulic radius of the gel pores is estimated to be 
about 10A. The average width of the pores is probably between 2 and 
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TABLE 8-7—COMPOSITION OF SAMPLES USED IN DILATOMETERS 


(For cement characteristics, see Appendix to Part 2.) 




















Composition, g/g of cement 
OSS Be cee pene ee ore — We 
No. ys| ec Wn ». = (Wa).3s Vm Vin 
c c c c c 
Cement 15754; Vn/wn = 0.258 
10-4 28 | 0.32] 0.176 | 0.213 | 0.389 | 0.064 | 0.045 | 4.73 
10-4 90 | 0.32] 0.189 | 0.220 | 0.409 | 0.065 | 0.049 | 4.49 
10-1 28 |0.45| 0.207 | 0.351 0.558 | 0.076 | 0.053 | 6.63 
10-1 90 | 0.45 | 0.237 | 0.335 | 0.572 | 0.081 | 0.061 | 5.50 
10-3 28 | 0.62; 0.217 | 0.536.| 0.753 | 0.081 0.056 | 9.57 
10-3 90 | 0.62 | 0.235 0.538 0.773 | 0.088 0.061 | 8.82 
Cement 15756; Vn/w, = 0.271 
10-C 23 | 0.34| 0.134 | 0.272 | 0.406 | 0.051 0.036 | 7.56 
10-B 28 | 0.48| 0.145 | 0.443 | 0.589 | 0.052 | 0.039 | 11.36 
10-A 28 | 0.67| 0.154 | 0.648 | 0.802 | 0.057 | 0.042 15.43 
10-14 | 90 | 0.45| 0.172 | 0.391 0.563 | 0.063 | 0.047 8.32 
10-13 | 90 | 0.63| 0.182 | 0.611 | 0.793 | 0.066 | 0.049 | 12.47 
Cement 15758; Vn/w, = 0.248 
10-12 | 28 | 0.32] 0.168 | 0.224 | 0.392 | 0.058 | 0.042 | 5.33. 
10-12 | 91 | 0.32] 0.179 0.227 0.406 0.061 0.044 | 5.16 
10-11 | 28 | 0.45} 0.204 | 0.353 | 0.557 | 0.074 | 0.051 | 6.92 
10-11 | 91 | 0.45 | 0.211 0.365 | 0.576 | 0.076 | 0.052 | 7.02 
10-10 | 28 | 0.62| 0.218 | 0.555 | 0.773 | 0.078 | 0.054 10.28 
10-10 | 91 | 0.62 | 0.222 | 0.535 | 0.757 | 0.083 | 0.055 9.73 
Cement 15761; Vin/wa = 0.262 
10-6 28 | 0.32] 0.158 | 0.248 | 0.406 | 0.057 | 0.041 | 6.05 
10-2 28 | 0.45| 0.199 | 0.390 | 0.580 | 0.069 | 0.050 | 7.80 
10-2 90 | 0.45 | 0.215 | 0.381 0.596 | 0.078 | 0.056 | 6.80 
10-5 28 | 0.63 | 0.200 | 0.613 | 0.822 | 0.083 | 0.055 | 11.15 
—— - — ————— . | . 2 > 
Cement 15763; Vn/w, = 0.295 
10-9 28 |0.31| 0.101 | 0.278 | 0.379 | 0.045 | 0.030 9.27 
10-9 91 | 0.31] 0.130 | 0.237 | 0.367 | 0.056 | 0.038 | 6.24 
10-8 28 | 0.44] 0.113 | 0.424 | 0.537 | 0.048 | 0.033 | 12.85 
10-7 28 | 0.62/ 0.119 | 0.624 | 0.743 | 0.050 | 0.035 | 17.83 


4 times the hydraulic radius. 















































Thus the average gel pore is estimated to 


be between 20 and 40A wide. The width of the average capillary cannot 
be estimated very accurately, but it is at least 10 or 20 times the width 
of the gel pore. Owing to the fact that the melting point of a crystal 
is higher the smaller the crystal—for crystals in the colloidal size-range 

any ice that might form in the gel pores would have a higher melting point 
than that of the ice in the capillaries. It seems, therefore, that if the gel 
water freezes, it first moves out of the gel and then joins the ice already 
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Fig. 8-11—Relationship between ice content and temperature for samples made with 
cements indicated 
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Fig. 8-12—Relationship between ice content and temperature for samples made with 
cements indicated 
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formed in the capillaries. The movement of the water could be either by 
surface migration or by distillation. 


Relation of freezing to drying 


As mentioned before, the process of freezing out gel water would be 
fundamentally the same as removing it by evaporation. In either case, 
the equilibrium vapor pressure of the gel water at any time is determined 
by the degree of saturation of the gel. Consequently, the amounts of 
freezable and unfreezable water should be determinable in terms of the 
vapor pressure isotherm. For the conditions of these experiments, the 
adsorption isotherm may be used. 


TABLE 8-8—INFLUENCE OF ALKALIES ON FINAL MELTING POINT 

















Alkali content Final melting 
Cement of cement, percent point, deg. C 
No, Wo/C 
Na,O KO Total 28 days 90 days 
15754 0.17 0.16 0.33 0,32 0.50 0.50 
0.45 0.25 0.20 
0.62 ~0.05 0.05 
15756 0.05 0.17 0,22 0.34 0.10" 
0.45 0 
0.48 0.10* 
0.63 0 
0.67 0.05 
15758 0.30 0.40 0.70 0.32 0.90 O.85t 
0.45 0.25 0.251 
0.6% 0.15 0.10f 
15761 1,13 0.44 1.57 0.32 1.60 
0.45 0.90 0.85 
0.63 0.50 
15763 0.05 0.22 0.27 0.31 0.05 | 0.054 
0.44 0.05 
0.6: 0.05 | 
929 days. 
101 days. 


Relation of freezable water to total evaporable water 


We have already seen (Part 3) that the water content that produces 
a given vapor pressure in the lower range of pressures is the same per unit 
V»* for all samples. Therefore, for the lower range of vapor pressures, 
and hence for the lower range of freezing temperatures, the amount of 
unfreezable water at a given temperature per unit V, should be the 
same for all samples. Thus if we let 


*V im is the constant in the BE. T, equation that represents the quantity of water required to cover the 
surface with a single layer of molecules, It ia considered to be proportional to the surface area of the solid 
phase and a mensure of the gel content of well hydrated samples, 








il 
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w, = total evaporable water, 
w, = unfreezable water, and 
Wy freezable water, 
then Wy We ‘ (9) 
” - oS ene epeeesd 0002060606068 6€64846066006 65 20245 4.4.90 9 6S . 
\ m | m 
where u = W./Vm and is a constant for a given temperature, 


Krom eq. (9) it can be seen that plotting ws/Vm vs. we/Vm should 
produce a straight line having a slope of unity for whatever range of 
temperatures w,/Vm» is actually constant. Such plots are shown in Fig. 
8-13 for six different temperatures. In each diagram the solid straight 
line has a slope of 1.0 as required by eq. (9). With the exception of those 
obtained above —6 C, the experimental points conform fairly well to 
this slope. Hence, we may conclude that for temperatures of about —6 C 
or lower, the following empirical relationships may be used for estimating 
the amount of freezable water: 


Wy We : 
ts I eM ee at ie Ce MeL AY eink AC (10) 
wy We » 
| Sy One rae. * vase 
(¥) ee Bayo ia 
() er I Se cee te i a (12) 
J é m 15° \ m 


The temperatures indicated are for freezing in toluene. For freezing in 
air, the temperatures should be multiplied by 2, as shown in a preceding 
section. That is, 

(wy).9e in toluene (wy).qg° In air, ete. 

Reference to Fig. 8-13 shows that at a dilatometer temperature of 

6 © or higher, the amount of freezable water is roughly proportional to 
the amount of capillary water, w, 1V,, the proportionality constants 
being about 1.0 at —6 C, 0.86 at tC, 0.7 at —2 C, and 0.6 at —1 C., 
This indicates that in this upper temperature range, the amount of water 
extracted from the gel by freezing is negligible. Below 6 ©, the con- 
tribution from the gel water is appreciable. As already mentioned it 
could contribute a maximum of 4V,, at about —78 C, 

It should be noted that eqs. (10), (11), and (12) ean be used only for 
estimating the marimum amount of freezable water. If a specimen were 
cooled only a few degrees below its final melting point, as is frequently 
the case for concrete exposed to the weather, the amount of freezable 
water would probably be smaller than would be indicated by these 
equations because of the hysteresis in the vapor-pressure-vs.-water- 
content relationship. Very little specific information on this point can 
be given until more experimental work is done. 
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Fig. 8-13—Relationship between maximum freezable water content and total evaporable 
water in saturated pastes 
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RELATIONSHIP BETWEEN THE AMOUNT OF WATER 
UNFREEZABLE AT A GIVEN TEMPERATURE AND THE 25C VAPOR 
PRESSURE ISOTHERM 


Theoretical relationship 


As mentioned before, one of the objects of this investigation was to 
establish the relationship between melting point and vapor pressure 
so that the amount of water freezable at a given temperature could be 
estimated from sorption data alone. As pointed out in connection with 
Fig. 8-1, at any given temperature below 0 C, the vapor pressure of the 
unfrozen evaporable water must be the same as that of ice at the existing 
temperature. On the assumption that the ice exists as a pure, micro- 
crystalline phase under atmospheric pressure only, we can ascertain 
its relative vapor pressure at given temperatures from eq. (1) or (2). The 
results of such computations are plotted in Fig. 8-2. That curve shows 
that at —30 C, for example, the vapor pressure of ice is about 0.75 p,, 
where p, is the saturation pressure at —30 C. As shown above, the 
amount of water freezable at —30 C is about the same as the amount 
freezable in the toluene-filled dilatometer at —15 C, 

To estimate the point on the 25 C adsorption isotherm corresponding 
to a given relative vapor pressure at a lower temperature, we may use 
the Kelvin equation (see Part 3): 


Moyo; {1 l ‘ 
ln p/P. RT (: | t), d's reese oa & Sane Me (13) 
where 
p/p. = relative vapor pressure, 
M = molecular weight of the fluid, 
vy = molar volume of the fluid, 
oy = surface tension of the fluid, 
r, and re = principal radii of surface curvature of the fluid, 
R = gas constant, and 
T = absolute temperature. 
Let 
hos = p/p, at 298 K (25 C), 
ht = p/p, at temperature 7’, 
oo, = surface tension at 25 C, and 
o, = surface tension at temperature 7’. 
Then 
In hog = — 72 M(es)as (' 4 ) 
R298 ry Ye 
and 


Inhy = - a M(vs)e (: + ‘/) ’ 
RT Ty Te 
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where 
T = the lower temperature, in deg. K, and the other symbols have the 
same significance as before. Hence, 
In hes _ ov T (vs)as 
Ins ot 298 (vse 
The ratio (v,s)25 to (vs): varies so little from 1.0000 over the temperature 
range involved here that it can be taken as unity at all temperatures. 
The ratio of o25/o; can be evaluated from the relationship 
o, = 75.64 — 0.1391t — 0.000030? (Ref. 12) 
Solutions of this equation are given below in Table 8-9: 





t, ot 2% 

deg. C a1 
25 71.97 1.0000 
0 75.64 0.9515 
— 4 76.19 0.9446 
— 6 76.46 0.9413 
—- 8 76.75 0.9377 
—10 77.06 0.9339 
—12 77.47 0.9290 
—15 77.79 0.9251 
— 20 78.30 0.9192 
—30 79.54 0.9048 


The above 
Table 8-10. 





TABLE 8-9—SOLUTIONS OF EQ. (15) 


data, substituted into eq. (14), give the results shown in 


TABLE 8-10—SOLUTIONS OF EQ. (14) 


| 
| 


t, T, he 
deg. C deg. K from hos 
| Fig, 8-2 

0 273.1 1.000 1.000 
— 4 269.1 0.958 0.965 
— 6 267.1 0.945 0.953 
— § 265.1 0.927 0.939 
—10 263.1 0.908 0.924 
—12 261.1 0.893 0.911 
—15 258.1 0.865 0.890 
— 20 253.1 0.823 0.859 
— 30 243.1 0.746 0.806 
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According to the foregoing discussion, the amount of ice formed in 
the dilatometer at —15 C, for example, is about the same as that which 
would form in the same sample exposed to air at —30 C. Table 8-10 
shows that the water remaining unfrozen at this temperature would 
have a relative vapor pressure of 0.806 at 25 C. Thus, if all the assump- 
tions made above are valid, the amount of unfrozen water in a sample 
at —15 C in the dilatometer should be approximately the same as the 
evaporable water content of the same sample having a relative vapor 
pressure of 0.806 at 25 C. The extent to which the data bear out this 
assumption will be shown after the empirical relationship has been 
examined. 


Comparison of theoretical and empirical relationships 


Consider a given sample in a dilatometer at —15 C. It will contain a 
certain quantity of unfrozen evaporable water in equilibrium with ice. 
We have already seen that to maintain equilibrium between the same 
amount of unfrozen water and ice in the absence of toluene, the tem- 
perature would have to be —30 C. At this temperature the ice, and 
hence the unfrozen water, would have a vapor pressure of 0.746 p, (see 
Fig. 8-2). According to Table 8-10, the corresponding vapor pressure 
at 25 C would be 0.806 p,. Similarly, for dilatometer temperatures of 
—10 C and —6 C, the corresponding vapor pressures at 25 C would be 
0.859 and 0.911, respectively. 


Table 8-11 gives the ratio of evaporable water, w, to V» in samples at 
equilibrium with these pressures at 25 C. These data were obtained 
from smooth isotherms, representing samples almost identical with those 
used in the freezing experiments. They represent the theoretical amounts 
of unfrozen water at dilatometer temperatures of —6 C, —10 C, and 
-15 C. 

The experimentally observed amounts of unfreezable water are indi- 
cated by the intercepts of the straight lines in Fig. 8-13 D, EF, and F. 
These intercepts represent experimental averages, comparable with the 
grand averages given in Table 8-11. 


The two sets of figures may be compared in the following table: 


| 


Dilatometer | Unfreezable water, wyu/Vm 
temperature, | | } . 
deg. C Observed | Theoretical | Ratio 
6 4.00 | a a 


10 3.70 3.25 1.13 
15 | 3.20 | 2.93 | 1.09 
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where 


T = the lower temperature, in deg. K, and the other symbols have the 
same significance as before. Hence, 


In hos _ 025 g (vs)os 


ln ht a: 298 (vse 


The ratio (v;)25 to (vs)¢ varies so little from 1.0000 over the temperature 
range involved here that it can be taken as unity at all temperatures. 








The ratio of o25/o; can be evaluated from the relationship 
o: = 75.64 — 0.1391t — 0.00003¢? (Ref. 12) ........... (15) 
Solutions of this equation are given below in Table 8-9: 
TABLE 8-9—SOLUTIONS OF EQ. (15) 





t, ot O25 
deg. C ot 
25 71.97 1.0000 

0 75.64 0.9515 
— 4 76.19 0.9446 
= & 76.46 0.9413 
— § 76.75 0.9377 
—10 77 .06 0.9339 
—12 77.47 0.9290 
—15 77.79 0.9251 
—20 78.30 0.9192 
—30 79.54 0.9048 








The above data, substituted into eq. (14), give the results shown in 
Table 8-10. 
TABLE 8-10—SOLUTIONS OF EQ. (14) 





t, T, he 
deg. C deg. K | from hos 
| Fig. 8-2 

0 273.1 1.000 1.000 
—4 269.1 0.958 0.965 
— 6 267.1 0.945 0.953 
— 8 265.1 0.927 0.939 
—10 263.1 0.908 0.924 
—12 261.1 0.893 0.911 
—15 258.1 0.865 0.890 
—20 253.1 0.823 0.859 
—30 243.1 0.746 0.806 











_ a hate: a 
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According to the foregoing discussion, the amount of ice formed in 
the dilatometer at —15 C, for example, is about the same as that which 
would form in the same sample exposed to air at —30 C. Table 8-10 
shows that the water remaining unfrozen at this temperature would 
have a relative vapor pressure of 0.806 at 25 C. Thus, if all the assump- 
tions made above are valid, the amount of unfrozen water in a sample 
at —15 C in the dilatometer should be approximately the same as the 
evaporable water content of the same sample having a relative vapor 
pressure of 0.806 at 25 C. The extent to which the data bear out this 
assumption will be shown after the empirical relationship has been 
examined. 


Comparison of theoretical and empirical relationships 


Consider a given sample in a dilatometer at —15 C. It will contain a 
certain quantity of unfrozen evaporable water in equilibrium with ice. 
We have already seen that to maintain equilibrium between the same 
amount of unfrozen water and ice in the absence of toluene, the tem- 
perature would have to be —30 C. At this temperature the ice, and 
hence the unfrozen water, would have a vapor pressure of 0.746 p, (see 
Fig. 8-2). According to Table 8-10, the corresponding vapor pressure 
at 25 C would be 0.806 p,. Similarly, for dilatometer temperatures of 
—10 C and —6 C, the corresponding vapor pressures at 25 C would be 
0.859 and 0.911, respectively. 


Table 8-11 gives the ratio of evaporable water, w, to Vm in samples at 
equilibrium with these pressures at 25 C. These data were obtained 
from smooth isotherms, representing samples almost identical with those 
used in the freezing experiments. They represent the theoretical amounts 
of unfrozen water at dilatometer temperatures of —6 C, —10 C, and 
-15 C. 

The experimentally observed amounts of unfreezable water are indi- 
cated by the intercepts of the straight lines in Fig. 8-13 D, E, and F. 
These intercepts represent experimental averages, comparable with the 
grand averages given in Table 8-11. 


The two sets of figures may be compared in the following table: 





a 





Dilatometer | Unfreezable water, wu/Vm 
temperature, |—————— | —- | ———____ 
deg. C Observed Theoretical | Ratio 
on a 4.00 ., a a 





=>) | 3.2% | 1.38 
—15 | 3.20 | 2.93 | 1.09 
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TABLE 8-11—RATIO OF EVAPORABLE WATER TOV,, IN HARDENED PASTES 
REPRESENTATIVE OF THOSE USED IN FREEZING STUDIES 
- — f 
w/Vm* at p/p. (25 C) ( 
Wo/C Age, indicated 
days bideaieaieponiad I 
0.911 | 0.859 0.806 ( 
Cement 15754 i ( 
0.33 28 3.35 3.05 2.85 
0.33 90 3.10 2.90 2.75 1 
0.45 28 3.60 3.30 3.00 { 
0.45 90 3.45 | 3.10 2.90 
Avg. 3.38 3.09 2.88 
Cement 15756 F 
0 28 4.10 | 3.45 | 3.05 
0.32 90 3.45 3.05 2.85 f 
0.45 28 4.40 3.70 3.20 £ 
0.45 90 3.90 3.30 2.95 t 
Avg. 3.96 3.38 3.01 
Cement 15758 
ties a - 
0.33 28 3.70 er 2.80 : 
0.33 90 3.35 2.95 2.70 
0.46 28 3.80 3.35 3.05 P 
0.46 90 3.70 3.25 2.90 
Avg. 3.64 3.19 2.86 t 
Cement 15761 
0.33 28 3.80 al tas See t 
0.33 90 3.50 3.05 2.80 
0.47 28 3.80 3.30 2.95 
0.47 90 3.55 3.20 2.90 
Avg. 3.66 3.21 2.90 
Cement 15763 . 8 
0.32 28 4.25 3.65 3.25 is 
0.32 90 3.45 3.05 2.75 b 
0.44 28 4.35 . a 
0.44 90 3.85 3.25 2.85 
Avg. 3.98 3.40 3.02 : 
Grand Avg. 3.72 3.25 2.93 g 
i *w = evaporable water, g/g cement; Vm = constant from B.E.T. eq. A, g/g cement. ; 
s 
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This indicates that the observed amount of unfreezable water averages 
about 10 percent greater than the theoretical amount. Such a difference 
could be due to the smallness of the ice crystals, which would tend to 
raise their melting point. Or it might be due to an error in the theoreti- 
cal figure arising from the assumption that the effects of temperature 
changes on the solutions in the paste are the same as for pure water. 

The degree of agreement between the observed and theoretical values 
is such as to warrant estimating the amount of water freezable at a given 
temperature from the 25 C isotherm. 


EQUATIONS FOR ESTIMATING MAXIMUM FREEZABLE WATER FROM THE 
NON-EVAPORABLE WATER CONTENT 
The maximum amount of water in a saturated paste that may be 
frozen at a given temperature may be estimated from the non-evaporable 
and total water contents. The bases for such estimates are developed 
below: 
Eq. (9) may be written 
Ws = We UV m 
Since, for an average cement, 
Vm = 0.26 wz (Part 3, eq. (4)), 


and 
We = Wi — Wa, 
then 
ee fe I S| renner era. Een N Sty (16) 
Using the values of u given in eqs. (10), (11), and (12), we obtain 
ee ae | ee rer InD tra er Pd, 7 he ne (17) 
(wy)-10° = W&-— 1.96 _, OPE ee ee eS ee eee ee (18) 
Ceirh ae sm Gy EI e i cs «ce 5 2 ows. d a kerk e ae (19) 


The above equations may be used when the total water content of the 
saturated paste is known. When only the original water-cement ratio 
is known (corrected for bleeding), the relationships developed below may 
be used. 

On the assumption that the volume of the hardened paste is the same 
as that of the fresh paste after bleeding, we may write 


Since 


oi oo = (Part 5, eq. (8)), 


Cp 5 he I iis so a divs 40d 006d cb ieee (21) 
Substitution into eq. (16) gives 
wr = wo + 0.279w, — w,(1 + 0.26u) 
om em, — GTEE A Cees + cvbsvencascc4 eh meebaun (22) 
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Again using values of wu from eqs. (10), (11), and (12) we obtain 


NS a ne ae (23) 
(wy)-10° = w, — 1.68 w, (OE Pee ye Pee ee eee ee ee ee (24) 
(wy)-15° ne Rt at sake ee wee eens (25)* 


It should be noted that all these empirical equations give the amounts 
of water freezable in the dilatometers, with the saturated paste in contact 
with toluene. As mentioned before, the temperature drop required 
to freeze equal amounts of water in the absence of toluene is, theoreti- 
cally, two times the temperature in degrees C indicated, i.e., —12 C, 
—20 C, and —30C, respectively. 


SATURATED PASTES CONTAINING NO FREEZABLE WATER 


For the range of temperatures over which the equations derived 
from eq. (9) were found to apply, it seems that the freezable water con- 
tents of some saturated hardened pastes should be zero. For example, 
eq. (25) indicates that w, = 0 when w, = 1.55 w,. Thus, when hydra- 
tion has proceeded to the point where w,/c = 0.2, w;/c = 0 when w,/e = 
0.2 K 1.55 = 0.31. In other words, according to eq. (25), a saturated 
paste having an original water-cement ratio of 0.31 would contain no 
water freezable in the dilatometer at — 15 C after w,/c has increased to 0.2. 
This may not be literally true since all saturated pastes contain a quan- 
tity of evaporable water equal to at least 4V,,, all of which is theoreti- 
cally freezable at about —78 C, and parts are freezable at higher tem- 
peratures, as indicated by the vapor pressure isotherm for gel water. 
However, in pastes in which the gel fills all available space (w, = 4Vm) 
freezing may not occur because of the difficulty of starting crystalliza- 
tion in such extremely small spaces. If ice did form in the dilatometer 
experiment with such a paste, it probably would form as a separate phase 
on the surface of each granule. This remains a matter for speculation, 
since no tests were made on pastes containing no capillary space. 

Whether or not freezing can occur within such pastes, the quantity 
that could form at ordinary freezing temperatures is so small that it can 
be regarded as zero from the practical point of view. 


FINAL MELTING POINTS FOR SPECIMENS NOT FULLY SATURATED 


As would be expected, the final melting point, that is, the highest 
temperature at which ice can exist in a specimen of hardened paste, is 
lower the lower the degree of saturation of the specimen. This is shown 


*Note: An equation similar to eq. (25) was given in an earlier publication, Proc. ACI v. 41, p. 245, or 
P.C.A. Research Laboratory Bulletin 5, eq. (3). That equation was based on a preliminary analysis of the 
data presented in this paper. The difference between the two equations is due mainly to a difference in 
the assumed relationship between wo and w:. In the earlier equation, the relationship for the particular 
samples used in the freezing studies was used. In this paper, eq. (23) was used instead. For some unknown 
reason the difference between the we and w: values for the samples used in the freezing study were abnormal- 
y high. 
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Fig. 8-14—Melting 
curves for saturated 
and partially satu- 
rated pastes 
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by the data plotted in Fig. 8-14. The upper curve represents a fully 
saturated specimen, and the other two lesser degrees of saturation, as 
indicated. The results agree approximately with eqs. (10), (11), and (12), 
which were derived empirically from tests on saturated samples. 

For the sample represented by the middle curve, the amount of 
evaporable water was 3.9Vm. By eq. (10), the amount of water freezable 
at —6 C should be 


() = 3.0—<49. 
VnJ 6° 


This indicates that none of the water present was freezable at —6 C, 
which agrees roughly with the observed fact that the final melting point 
was --6.5C, 

Similarly for the lowest curve, the amount of water freezable at —15 C 
is indicated by eq. (14) to be 0.3V,. The experimental data show the 
final melting point to be —15.5 C. This result may be considered as 
indicating substantial agreement between the equation and the obser- 
vation. 


SUMMARY OF PART 8 


(1) Dilatometer studies were made on neat cement and cement- 
silica pastes to determine the amounts of ice that can exist in hardened 
paste under given conditions. 

(2) Under the conditions of these tests, freezing did not occur on 
cooling until after the saturated samples had been supercooled 5 to 
12C, 

(3) When freezing occurred, further cooling caused more ice to form. 

(4) Raising the temperature stepwise from —20 to +2 C or higher 
showed that the melting was progressive. This result is as would be 
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predicted from the known effects of dissolved salts, adsorption, and 
capillary tension on the vapor pressure of the evaporable water. 

(5) The final melting point in a saturated paste (temperature at 
which the last increment of ice disappears) ranged from —0.05 to —1.6C. 
The temperature seemed to depend on the alkali content of the cement, 
the higher the alkali content, the lower the final melting point. 


(6) The ice is believed to form in the capillary space outside the gel. 
It is unlikely that the gel water freezes in place, although, at low tem- 
peratures, it contributes to the ice. 

(7) The maximum amount of water, w;, that can freeze at a given 
temperature, can be estimated from the total evaporable water content, 
We, and V» by use of the following empirical equations: 

(wy) 6° = we — 4.0Vm 
(ws)-10° = We — 3.7Vm 
(wy)-15° = We — 3.2) » 

(8) The maximum freezable water content may be estimated in terms 
of the total water content, w;, and the non-evaporable water content, 
Wn, as follows: 

(wr)e2 = w; — 2.04w, 
(wy)-10° = WW; — 1.96w, 
(wy)-15° = Ww; — 1.830, 

(9) The maximum freezable water content can be estimated from the 

original water content, w., and wz, as follows: 
(ws)6° = wo — 1.76w, 
(wy)-10° = Wo — 1.68w, 
(wy)ase = wo — 1.55w, 

(10) The temperatures given in the above equations are for freezing 
in a toluene-filled dilatometer. For freezing in air, the same equations 
apply (theoretically) if the temperatures (deg. C below zero) are multi- 
plied by 2. 

(11) Under freezing conditions differing from those used in these 
experiments, the amount of freezable water may be less than the amount 
indicated in the above equations, owing to the hysteresis in the sorption 
isotherms. 

(12) The compositions of pastes that can contain practically no 
freezable water can be estimated from the above equations. 

(13) The maximum amount of water freezable at a given temperature 
‘can be estimated from the 25 C isotherm with the aid of Fig. 8-1 and 
Table 8-10. 


(14) When a paste is not fully saturated, the final melting point is 
lower than that for the same paste when saturated. The maximum 
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amount of freezable water in a paste at a given degree of saturation can 
be estimated approximately from the 25 C sorption isotherm and Fig. 
: 8-1. 


REFERENCES 


(1) E. W. Washburn, Monthly Weather Review v. 52, p. 488 (1924); International 
Critical Tables v. 3, 210 (1928). 

(2). P. Kubelka, Z. Electrochem. v. 38, p. 611 (1932). 

(3) E. von Gronow, Zement, v. 25, pp. 485-90 (1936). 

(4) H. W. Foote, B. Saxton, J. Am. Chem. Soc. v. 39, pp. 627-30 (1917). 

(5) I. D. Jones, R. A. Gortner, J. Phys. Chem. v. 36, pp. 387-436 (1932). 

(6) G. J. Bouyoucos, Mich. Agr. College Exp. Station Tech. Bull. No. 36 (1917); 
also, J. Agr. Research v. 8 ,pp. 195, 217 (1917). 

(7) L. T. Alexander, T. M. Shaw, and R. J. Muckenhirn, Proc. Soil Sct. Soc. Am. 
v. 1, p. 113 (1937). Also, L. T. Alexander and T. M. Shaw, J. Phys. Chem. v. 41, p. 955 
(1937). 

(8) S. L. Meyers, Ind. Eng. Chem. v. 32, p. 1107 (1940). 

(9) J.S. Burlew, J. Am. Chem. Soc. v. 62, p. 690 (1940). 

(10) N. E. Dorsey, Properties of Ordinary Water Substance (New York: Reinhold 
Publishing Corp., 1940), Table 100. 

(11) G. Jones and F. C. Jelen, J. Am. Chem. Soc. v. 57, p. 2532 (1935). 

(12) Ref. 10, p. 514. 














PHYSICAL PROPERTIES OF HARDENED PORTLAND CEMENT PASTE 971 
Part 9. General Summary of Findings on the Properties of Hardened 
Portland Cement Paste 
CONTENTS PART 9 
ON at es Fone aihs he sali sleees 4A haR bremindh Oday aaa 972 
General... ea tascam ba siltius sede eitecn, pes Le anes ween 972 
ND Rs 5550 oie ois 6 0 ast a aaa ds 5 6 8 sips POR ee aed 973 
Capillary pores. . . et 2 ick Gaia nineties ack Ge dae ee 973 
SR ire cs cs pi hh ibe sn baa R Roe han ewne See Phe .. O80 

Surface area of the solid phase in hardened paste............... .976 

a EM CE UE ON. os) 5. 5 6 aa eal bette bay Eta 976 

Or EE Rs Sis a voc ein Ue Bedk ckkered us abl eee 977 

Permeability . ; Leah ED EET un Shees ss Oe .977 

ps er ey A Pik pe ee saa ah ee 

Properties of water in hardened neste ddte asa'g ia 0's < sa veh 
Non-evaporable water wee eee 

oer WARE: 5.086: ; hateteb a ieee ce es pad 979 
Capillary water............. a baus-sbhieo ORD se 980 

Physical state of the hydration sented Ma kn cu desea ek cee ee 981 

Energy changes of hydration, adsorption, and capillary condensa- 

DR Shia sureaans oa lah san) bes 0 ka PE OE TY 982 
Heat of DyGrAtiem.. 0... 6 ssccses a soit ao Se 
Total net heat of surface adsorption rk Wet ae tie e Gee 982 
Net heat of capillary condensation. . . Bh coat .. .982 
Total net heat of adsorption. . . a" Dis Wrecaereaps oie . 982 
Enthalnpy change of adsorption. «i... 6.06. cksecssccenvseds 982 
CIE STU INT ois oka 55k ao bw bd be ae acuae ee 983 
Decrease in entropy. PE er LRM See ey errr. .. .983 
Energy of binding of water in hardened paste................ 983 

Pe no 6 5. G55 Aisin eR RE eS oss Ce eee 984 
Mechanism of shrinking and swelling..................... . 984 
Swelling pressure.... . . sk Sie keep tac pce = aed Se 
Capillary tension. sks. qahiick oud i ta imme nmin eee 985 
Relationship betwee n » change i in volume and change in water 
Cae ook vc O0% 6.8%:4 6 ha Roo Leeda ead ee bes eee .985 
Contraction in volume of the system cement + water ........986 
ee ORT Pe oe Mere PP er re 986 

Capillary flow and moisture diffusion ..................05. ay, 

Effect of temperature changes at constant moisture content ..... 988 
Effect on swelling. . ic Ss ateln.iode & pd toarw ee ond boa ae a atte 988 
ON CUMIN. 05 dss oi daw vcd rental eheedn ype eet .988 
Combined effect, of otzese, strnin, changes j in humidity, and 
ee eee re eg meee ory 988 

Factors governing the extent and rate of hydration of nasband 

cement. é be vi RS ee 988 
E xtent of hydration re chee Raa Wee ' re tate .. .988 
SED -OE DIL ss 5 0 ciaihin.'s cee Bak aera nnlieee ass eo 

Relation of paste porosity to compressive strength............. . 989 

Freezing of water in hardened paste. ...............0000ee0ee 990 














972 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 1947 


INTRODUCTION 


In this, the final part of the paper, the concepts concerning the char- 
acteristics of hardened paste that have emerged from this study are set 
down in brief. It is not implied that the concepts are new and unique. 
On the contrary, they agree in general with previously expressed views 
of those who have believed the colloidal state of the hydration products 
to be a dominant characteristic of the hardened paste. However, it is 
now possible to consider these characteristics in more detail and on a 
quantitative or semi-quantitative basis. 

This summary includes only the facts and relationships that can be 
set down with a minimum of discussion. The reader should not depend 
on this part alone for an understanding of the subject, since the finer 
points of interpretation and many significant details and illustrative 
graphs are omitted. 

Some of the relationships given below do not appear in the preceding 
parts of the paper, but they are derived from relationships already 
given. 

In the preceding parts of this paper the sequence of topics was deter- 
mined according to the requirements for an orderly development of con- 
cepts and interrelationships between variables. In this summary it is 
assumed that the reader is familiar with the background material and the 
subject is presented, as far as possible, in the form of an analysis of the 
properties of hardened paste. 

The following should be noted carefully before proceeding with the 
summary: All the data and relationships discussed below pertain only 
to specimens cured continuously at about 70 F. Without modification, 
they do not apply to other curing conditions. 


GENERAL 


Many of the technically important properties of concrete can be 
attributed to the peculiar nature of the hydration products of portland 
cement. The hardened paste is considered to be not a continuous, homo- 
geneous solid, but rather to be composed of a large number of primary 
units bound together to form a porous structure. The chemical con- 
stitution of the units of this structure is not definitely known. However, 
it appears that many significant characteristics are dependent not 
primarily on chemical constitution but rather on the physical state of 
the solid phase of the paste and its inherent attraction for water. 

The extreme smallness of the structural units of the paste, the small- 
ness of the interstitial spaces, and the strong attraction of the solid 
units for water account for the fact that changes in ambient conditions 
are always accompanied by changes in the moisture content of the hard- 
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ened paste; moreover, these factors account for the changes in volume, 
strength, and hardness that accompany changes in moisture content. 
They also account for the peculiarities of the relationship between 
ice-content and temperature when saturated or partially saturated 
paste is cooled below the normal freezing point of water. 

Various findings concerning the properties of the solid phase in hard- 
ened paste, and the interaction between the solid phase and evaporable 
water, are summarized in the following sections. 


PASTE POROSITY 


The pores in hardened portland cement paste are here considered to 
be the space in the paste that may be occupied by evaporable water. 
Evaporable water is defined as that which exhibits a vapor pressure 
greater than about 6 X 10“ mm //g at 23 C. It is roughly equivalent to 
the amount lost when a saturated paste is oven-dried at about 105 C. 

The pores in a paste (exclusive of entrained air) are of two kinds: 
capillary pores and gel pores. The relative proportion of each kind can 
be determined from suitable data and the relationships given below. 
Capillary pores 

Before hydration begins, and during the time when the paste remains 
plastic, a cement paste is a very weak solid held together by forces of 
interparticle attraction. These forces probably act across thin films 
of water at points of near-contact between the particles. The water- 
filled spaces between the particles constitute an interconnected capillary 
system. After the plastic stage, when the final reactions of hardening 
begin, the capillary channels of the fresh paste tend to become filled with 
solids produced by the reaction between water and the constituents of 
cement. This process rapidly reduces the volume and size of the capil- 
laries, but apparently does not destroy their continuity. The volume of 
the capillaries at various stages of hydration can be estimated with 
satisfactory accuracy from the relationships given below. 


Before hydration starts, 


Pe ate a bale.s hicelete Soo Ub 6a tae oe ied cee ee (1) 
where pe volume of capillary pores, and 
w volume of water. * 


iq. (1) is correct only for an instant after the cement and water are 
mixed. Solution and reaction begin at once, the average rate during 
the first 5 minutes being higher than during any subsequent 5-min. 
period. Within the initial 5-min. period, the rate of reaction decreases 


*In this and the following equations, cas unite are intended and the same aymbol is used for either weight 


(grama) or volume (ce) of free water. That is, w (general term for free water), wo (net free water after 
bleeding), and we (capillary water) all are assumed to have a specific volume of 1.0 and thus may represent 
either grama or cc, The assumption that specific volume is unity introduces no error of practical impor- 


tance, 











974 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 1947 


abruptly and becomes very low. This low rate persists, under normal, 
controlled laboratory conditions, for a considerable period, usually about 
an hour. If the paste has been stirred continuously during the period of 
rapid initial reaction, or if it is restirred at the end of that period, it will 
remain plastic during the ensuing, relatively dormant period. If left 
undisturbed, the paste will ‘“‘bleed’’ and its volume will thereby be 
diminished. After bleeding, its porosity (now equivalent to the remaining 
water-filled space, entrained air neglected) will be approximately 


a a Ee a (2) 


where w, = original water content after bleeding, grams (or cc), 

Vze= total volume of solid phase including increase due to 
hydration and pores in the gel, 

c = weight of cement, 

ve = specific volume of the cement, i.e., the volume of a unit 
weight, 

(Vp — cv.) = increase in volume of the solid phase due to hy- 
dration. 


The volume of the solid phase at any stage of hydration can be evalu- 
ated as follows: 
MOEN A i asa ads (3) 
where 0.86 = mean specific volume of the non-evaporable water and 
gel water, 
a constant characteristic of the cement, and 
weight of non-evaporable water.* 


k 


Wn 


Il 


Eliminating Vz and cv, between eqs. (2) and (3) gives 
A | ae (4) 


k will range from 0.24 to 0.28 among different cements, but for an average 
Type I cement, k = 0.255 (see Part 5) and eq. (4) becomes 
a en eS heeds ese r send eens (5) 
At early stages of hydration, that is, during the first few hours, when 
Ww, is very small, eqs. (4) and (5) probably do not represent the facts very 
accurately because the numerical constants were evaluated from data 
obtained over a range of ages during which reactions involving gypsum 
could not occur. Therefore, the constants are probably not quite correct 
for periods during which gypsum-reactions are taking place to an ap-« 
preciable extent. 
From eq. (4) it follows that capillary porosity is zero when 
0.86(1 + 4k)w, = w,, 
or for an average cement, when 1.74w, = w, (see eq. (5)). For example, 
when when w,/c = 0.2, p. = Oif w,/c is equal to or less than 0.2 K 1.74 = 0.35. 


sap Non-ovaporable water is that having a vapor pressure equal to or less than about 6 x 10-- mm Hg at 
23C. Itincludes chemically combined water. 
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The highest possible water-cement ratio at which p, can be made zero 
by prolonged curing depends on the magnitude of the highest possible 
value of w, and on k. Both (wy)maz and k depend on the characteristics 
of the cement. (W,)maz depends principally on the degree to which the 
cement approaches complete hydration, which, in turn, depends prin- 
cipally on the proportion of the cement that is made up of particles finer 
than about 50 microns. (The coarsest particles fail to hydrate completely 
even though the wet-curing period is long.) It is related also to the 
computed chemical composition, as shown by the following relationship 
for w, after six months of water-curing at 70 F.* 


w,/c = 0.187(C3S) + 0.158(C28) + 0.665(C3A) + 0.213(C4AFP),... . (6) 


where the symbols in parentheses represent the computed weight-pro- 
portion of the compound indicated. This relationship may be considered 
to represent the average value of w,/c when the cement is not far from - 
its ultimate degree of hydration, provided that w,/c is not less than about 
0.44 and that the specific surface of the cement is between 1700 and 2000, 
by the Wagner turbidimeter. For finer cements (w,/c)maz Will be higher, 
but not much higher. For coarser cements, it will be lower to a degree 
about proportional to the residue on the 325-mesh sieve. For cements 
having a specific surface of about 1800 (Wagner), (w,/c)maz ranges from 
about 0.20 to 0.25, the higher value corresponding to cements relatively 
high in C;S and C3A. 

Likewise, k is related to computed compound composition as follows: 

k = 0.230(C3S) + 0.320(C2S) + 0.317(C3A) + 0.368(C4AF) . ..... (7) 


This relationship holds for any age with accuracy sufficient for most 
purposes. 

With an average Type I cement, capillary pores will be present, even 
at ultimate hydration in any paste having an original water-cement ratio 
greater than about 0.44 by weight. 


Gel pores 


The quantity (Vg — cv.) appearing in eq. (2) and implicitly in eq. (4) 
is the increase i: \ vlume of the solid phase including the pores that are 
characteristic of .1e hydration products, presumably the pores in the gel. 
Consequently, the total porosity of the paste is greater than that given 
by the above equations. That is, 


i ea, ee eo St in a wise wake a och, wip (8) 
where p, = volume of total pores, 
Po = volume of gel pores, and 
pe = volume of capillary pores. 


*This empirical relationship was not given in preceding parts of this paper. It was established by the 
method of least squares using about 100 items of data. 
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The volume of gel pores is given approximately by the following relation- 
ship: 

er a ht ele ants swap cleebec ces (9) 
where 4V,, is the weight of water that would saturate the gel, Vn is a 
factor proportional to the surface area of the gel (see eq. (12)), and 0.9 
is the mean specific volume of the water in saturated gel. 

For any given cement, 

a ee ee ee ne edhe (10) 
where k is the same constant that appears in eqs. (4) and (7). Hence, for 
an average cement, for which k = 0.255, 

RATES SE AF a (11) 


SURFACE AREA OF THE SOLID PHASE IN HARDENED PASTE 


The surface area of the solid phase in hardened paste is computed 
by the following relationship 
a ooo ii 
where S = surface area of solid phase, sq cm, and 
Vm = grams of water required to form a complete monomolecular 
adsorbed layer of water on the solid surface. 


> 


II 


Since V, = kw,, and since k = 0.255 for an average cement, the surface 
area of a hardened paste made from an average cement can be obtained 
from w, by using the following relationship: 
S = (35.7 & 10°)0.255w, 
I ik ke cia ale tine oye be oa ii 0 one 

In a typical paste, w./c = 0.6, the surface area per unit volume of paste 
reaches about 2.4 X 10° sq cm at ultimate hydration. 

Since the internal surface area of the paste is predominantly that of 
the gel, V,, is here usually considered to be proportional to the surface 
area of the gel, S,. 


MEAN SIZE OF GEL PORES 


The mean diameter of the gel pores is probably between 2 and 4 times 
the hydraulic radius. The hydraulic radius is evaluated as follows: 
ESI RGR EE GA AE GREE a OP S> «ive 
where m, = hydraulic radius of gel pores, cm, 





Py, = volume of gel pores, cu cm, and 
S, = surface area in the gel, sq em. 
Thus, from eqs. (9) and (12), 
3.6 Vm 
ms Sim _ = 10 X 10% om. ee (18) 


~ (35.7 X 10°)V_ 
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Hence, the mean diameter of the gel pores is from 20 to 40 Angstrom 
units. 


SIZE OF CAPILLARY PORES 


The mean diameter of the capillary pores cannot be determined from 
data now available. However, results of absorptivity tests indicate that 
the capillary pores are very much larger than the gel pores, except 
perhaps in pastes in which the gel nearly fills the available space. 


PERMEABILITY 


A saturated, hardened paste is permeable to water. Under a given 
pressure gradient and at a given temperature, the rate of flow is a function 
of the effective hydraulic radius of the pores and the effective porosity. 
The general theoretical equation for this function, called the coefficient 
of permeability, is 

Ka = BOX 20% Vel — By)? 5.5 cc. ccc chctvecectes (16) 


in which K, = coefficient of permeability to water, in ft. per sec, 
Vm = weight of water required for the first adsorbed layer, g per 
ce of paste, 
N ratio of total evaporable water to V», and 
ky a constant interpreted as the number of layers of immo- 
bile water per unit of solid surface, or the difference 
between total and effective porosity. 
Indications of a limited amount of data are that eq. (16) would give 
results in reasonable agreement with experiment (Ruettgers, Vidal, and 
Wing) only for pastes in which N is not greater than about 4, that is, for 
pastes containing no capillary space. For such pastes, the theoretical 
permeability is given by 
K, 2.0 * 10°"°(1 CV) 
0.45 S cv, S 1.0 
where c cement content, g per ce of paste, and 
v, specific volume of cement. 


This result. indicates that cement gel has about the same degree of 
permeability as granite (Ruettgers, Vidal, and Wing). 

For pastes containing much capillary space outside the gel, actual 
permeability exceeds the theoretical by a wide margin. This is believed 
to indicate that in such pastes the flow is predominantly in the rela- 
tively large capillary pores outside the gel. 

The permeability of concrete is generally greater than can be accounted 
for from the actual permeability of the paste (Ruettgers, Vidal, and 
Wing). This indicates that the water is able to flow through the fissures 
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that develop under the aggregate during the bleeding period and thus to 
partially by-pass the paste. 


ABSORPTIVITY 


The characteristic rate at which a dry specimen absorbs water is 
here called the absorptivity of the specimen. The adsorption during the 
first 30 to 60 minutes follows the relationship 


Sa i gaa (17) 
in which 
q/A = the amount of water absorbed per unit area in time ¢, 
and 
K, = coefficient of absorptivity. 


An empirical relationship was found between K, and capillary porosity, 
That is, 


K. -s|w. — 0.86(1 + 4). sete ls ee 


where the quantity in brackets is the capillary porosity, 
W, = water content of original mix, after bleeding, g (or ce) 
per cc of specimen, 
non-evaporable water, g per cc of specimen, and 
a constant characteristic of the cement. (See eq. (3), 

(7), and (10).) 

The quantity 0.86(1 + 4k)W,, is the increase in volume of the solid 
phase due to hydration. When it equals W,, capillary porosity is zero. 
The experimental curve showed that K, was also zero, or nearly so, at 
this point. Thus the data show that the initial absorption of water 
by a dried specimen takes place almost exclusively in the capillary spaces 
outside the gel. 


W 
k 


il 


PROPERTIES OF WATER IN HARDENED PASTE 


In a saturated, hardened cement paste, three classes of water are 
here recognized: 
(1) non-evaporable water, 
(2) gel water, and 
(3) capillary water. 


Non-evaporable water 

Non-evaporable water is defined as that part of the total that has a 
vapor pressure of not over about 6 * 10° mm //g at 23C. It is a con- 
stituent of the solid material in the paste. Some of it exists as O/ groups 
in Ca(OH).; some, probably as water of crystallization in calcium sul- 
foaluminate, The rest is combined in the solid phase in ways not yet 
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known. Of this part, some may be combined chemically with the 
hydrous silicates and hydrous alumina-bearing compounds; some may be 
held by van der Waal forces, that is, physical forces. 

For purposes of volume-analysis, the non-evaporable water may be 
treated as an entity. Its volume added to that of the original cement gives 
the absolute volume of the solid phase in the paste. Thus, 


Fa Gly PS Wile kc atin oat verkoper 5 kaa . are 


where Vg = absolute volume of solid phase in the paste, 


c = cement content of the paste, 
W, = non-evaporable water content of the paste, 
v. = specific volume of the cement, and 
Vn mean specific volume of the non-evaporable water. 


The specific volume of the non-evaporable water is an empirical factor 
that will account for the observed increase in the absolute volume of the 
solid phase per gram increase in amount of non-evaporable water. Its 
value is about 0.82. 


Gel water 

The gel water is that contained in the pores of the gel. The pores in 
the gel are so small that most if not all the gel water is within the range 
of the van der Waal surface forces of the solid phase. This is indicated 
by the fact that the mean specific volume of the gel water is about 0.90. 

The vapor pressure of the gel water at a fixed temperature is a function 
of the degree of saturation of the gel. The lowest pressure just exceeds 
6 X 10-*mm at 23 C, which is the highest pressure of the non-evaporable 
water. The highest pressure is nearly, but not quite, equal to that of 
pure water in bulk at the same temperature; the difference is due prin- 
cipally to the alkali hydroxides in solution. The vapor pressure at a 
given intermediate degree of saturation may be any value between limits 
fixed by the manner in which the existing water content was reached. It 
will be a maximum if the existing water content was reached by con- 
tinuous adsorption, beginning with a dry sample. It will be a minimum 
if the water content was reached by continuous desorption, starting with 
a saturated sample. Intermediate pressures will be found if the given 
water content was reached by adsorption after partial desorption, or if it 
was reached by desorption after partial saturation by adsorption. These 
peculiar relationships are due to hysteresis in the sorption isotherm. 
They are found only for water contents that fall within the hysteresis 
loop. The limits of the loop are not now definitely known. 

The weight of gel water in a saturated paste is equal to 4V,,, where 
Vm is the weight required to form a complete monomolecular adsorbed 
layer on the solid phase. For volume analysis of the paste, the weight of 
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the gel water may be used to determine the total volume (rather than 
absolute volume) of the solid phase in the paste. Thus, 


Vea = Vs oe 0.9w, = Vs + 3.6V m ; OT Pe Sr ae ay pe ae (20) 


where Vz = total volume (or bulk volume) of the solid phase, 
Vs = absolute volume of solid phase, and 
w, = grams of gel water per cc of saturated paste = 4V, . 


Capillary water 

Like the gel water, the capillary water is really a solution of alkalies 
and other salts. The capillary water is that which occupies space in the 
paste other than the space occupied by the solid phase together with 
characteristic pores of the gel. That is, 


WwW. = V; — Ve, SE Tes ra A ne ee a ee (21) 
where w,. = volume of capillary water, 
V. = over-all (total). volume of saturated paste, exclusive of 
cavities, 


Ve = bulk volume of solid phase in the paste. 


Practically all the capillary water lies beyond the range of the surface 
forces of the solid phase. Hence, in a saturated paste, the capillary 
water is under no stress and its specific volume is the same as the normal 
specific volume of a solution having the same composition as the capillary 
water. 

In a partially saturated paste, the capillary water is subjected to tensile 
stress. This stress is due to curvature of the air-water interface and the 
surface tension of the water. The magnitude of the stress is given by the 
following equation: 


F=-— = NNR ater Saks era ald wl & bx ot ds i bo 0 « s (22) 
Mo; 
where F = force of capillary tension, 
R = gas constant, 
M = molecular weight of water, 
vy = specific volume of water, 
p = vapor pressure of capillary water at the existing tempera- 
ture, 


Pp. = saturation pressure of water at the existing temperature, and 
In = natural logarithm. 


The vapor pressure of the capillary water depends on the degree of 
saturation of the paste and on the factors arising from hysteresis discussed 
in the preceding section. However, if the existing vapor pressure is 
reached by continuous adsorption from the dry state, capillary water 
does not exist in the paste at pressures below about 0.45 p,. 
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Since at vapor pressures greater than 0.45 p, and less than p,, the 
capillary water is present and under tension, its specific volume must 
be greater than 1.0 and a function of F of eq. (22). No attempt has been 
made to verify this experimentally. 

Some of the gel water may be fundamentally the same as capillary 
water. The distinction used here is made on the basis of relationship to 
the solid phase. The quantity of gel water always bears a fixed ratio to 
the quantity of hydration products, whereas the quantity of capillary 
water is determined by the porosity of the paste. 


PHYSICAL STATE OF THE HYDRATION PRODUCTS 


Microscopic observation of hardened paste indicates that only Ca(OH). 
erystals and unhydrated residues of the original cement grains can readily 
be identified. Other microcrystalline constituents, particularly calcium 
sulfoaluminate, may be present in small amount but are generally 


v? 


obscured by the abundant “amorphous” constituents. 

The size and volume of the pores in hardened paste indicate that the 
solid material is finely subdivided, though the solid units are obviously 
bonded to each other. If the units were equal spheres, the sphere diam- 
eter would be about 140A. Since the computations leading to this 
figure included the volume of microcrystalline constituents, the units 
of “amorphous” material must be somewhat smaller than just indicated. 
The size indicated is definitely in the colloidal size-range. Since a gel is 
defined as a coherent mass of colloidal material, it follows that the prin- 
cipal constituent of hardened paste is a gel, here called cement gel. 


The cement gel is composed of hydration products that contain all 
the principal oxides: CaO, SiO2, Al.O3, and Fe.03. This is shown by the 
fact that the total surface area of the solid phase is related to the com- 
puted cement composition in the following way: 

-" = 0.230(Cs8) + 0.320(C2S) + 0.317(CA) + 0.368(C4AF) , ... (23) 
where the symbols in parentheses represent the computed weight-fraction 
of the compounds indicated. The similarity of the numerical coefficients 
and the magnitude of particle size given above show that all constituents 
either may be present in a single complex hydrate of high specific surface 
or they may be constituents of two or more different hydrates having 
similar specific surfaces. The relative smallness of the coefficient of C3S 
is in line with the fact that this compound hydrolyzes to give micro- 
crystalline (low specific surface) Ca(OH). as one of its reaction products. 
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ENERGY CHANGES OF HYDRATION 
ADSORPTION, AND CAPILLARY CONDENSATION 


Heat of hydration 
When cement and water react, the total amount of heat evolved is 
directly proportional to the total amount of non-evaporable water in the 
paste. Thus, 
total heat of hydration = constant X w,. 


The proportionality constant varies with cement composition. For all 
types of portland cement, it ranges from 485 to 550 calories per gram of 
non-evaporable water. 

The total heat of hydration is the sum of the heat of combination of the 
non-evaporable water, the net heat of adsorption of water on the surface 
of the solid phase, and the net heat of capillary condensation. 


Total net heat of surface adsorption 
The net heat of surface adsorption is the amount of heat in excess of 
the normal heat of liquefaction that is evolved when water vapor in- 
teracts with the solid phase. For all cement pastes, 
Gi, =e SIae oo CRIOTION (DITOR) ,.. 00 ce elec eee (24) 


where Q,, = total net heat of surface adsorption when the paste is 
changed from the dry to the saturated state. 


Net heat of capillary condensation 

Adsorption at low vapor pressures causes the solid phase to become 
covered with a film of water having a surface area presumably equal to 
the covered area of the solid phase. At pressures above 0.45p, adsorption 
is accompanied by capillary condensation which progressively diminishes 
the exposed water-surface as the pressure is raised. The heat evolved 
from the destruction of water-surface is the net heat of capillary condensa- 
tion. When a paste is changed from the dry to the saturated state, 


Go = 1007 a, cnlories (Q@MMTOX.),.'... 0.0 ccc ccc ede ceee (25) 
where Q., = total net heat of capillary condensation. 


Total net heat of adsorption 
The total net heat of adsorption is the sum of the total net heat of 
surface adsorption and the total net heat of capillary condensation. That 
is, 
Qa: = 472Vm + 100Vm = 572Vm, calories (approx.),... . (26) 
where Q.: = total net heat of adsorption. This amounts to about 670 
ergs per sq cm of solid surface and is about the same as the heat of 
immersion of various minerals, particularly the mineral oxides, in water. 


Enthalpy change of adsorption 
The total net heat of adsorption (eq. (26)) is practically equal to the 
decrease in enthalpy of the system. The decrease in enthalpy represents 
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the sum of the decrease in free energy and the decrease in unavailable 
energy. Thus, 
oo I Aa. it I ek a, n.d ss Sow cake ok ee (27) 
where — AH = decrease in enthalpy, 
— AG = decrease in free energy, 
— AS = decrease in entropy, 
T = absolute temperature, and 
— TAS = decrease in unavailable energy. 


Decrease in free energy 

Shrinking and swelling, moisture diffusion, capillary flow, and all 
other effects involving changes in moisture content of the paste at con- 
stant temperature are due to the free surface energy of the solid phase, 
or to the free surface energy of the water, or to both surface énergies. 
All such effects are accompanied by a decrease in free energy and, in 
this case, a decrease in entropy, but the forces producing these effects are 
derived solely from the free energy. 


The decrease in free energy can be expressed as a function of the ratio 
of the vapor pressure of the adsorbed water to that of free water at the 
same temperature without regard to the nature of the underlying solid 
phase. 

— AG = — 75.6 logiop/p., cal per g of water .......... (28) 


It thus varies from zero when p = p, to a very large value when p is very 
much smaller than p,. 


Decrease in entropy 

A change in entropy denotes some sort of internal change in the sub- 
stance or substances involved in a reaction. In this case, the change is 
assumed to take place solely in the water as it changes from the free to 
the adsorbed state. 

The decrease in entropy was estimated for adsorption over the pressure 
range p= 0.05p, to p = 0.5p,. The decrease ranged progressively 
from —AS = 0.22 cal/g/deg at p = 0.5p, to 0.50 cal/g/deg at p= 0.05p,. 

The magnitude of —AS indicates that some of the water is changed 
by adsorption in this range of pressures more than free water is changed by 
freezing under ordinary conditions and as much as or more than free 
water is changed by becoming water of crystallization. Water adsorbed 
at p = 0.05p, undergoes a change as great as the change from normal 
water to hydroxyl groups chemically combined in Ca(OH)>. 


Energy of binding of water in hardened paste 

The net heat of adsorption (decrease in enthalpy) is a measure of the 
energy that must be supplied to restore adsorbed water to the normal 
liquid state. 
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The maximum energy of binding of the adsorbed water is estimated at 
about 400 cal/g of water. The average energy of binding of the first com- 
plete adsorbed layer is estimated at about 300 cal/g of water. The 
average energy of binding of the gel water is about 143 cal/g of gel water. 
These figures are probably somewhat too low inasmuch as the effect of 
adsorbed air was neglected. 

These values indicate that most of the non-evaporable water is less 
firmly bound than the water in Ca(OH), for which the energy of binding is 
847 cal/g of water. 

The capillary water cannot be considered “bound” in the same sense 
as the non-evaporable water and gel water. The energy required to 
remove all the capillary water from a saturated paste, if that could be 
done separately, would be 100V,, calories, regardless of the amount of 
capillary water in the paste. 


VOLUME CHANGE 
Mechanism of shrinkage and swelling 

Cement paste shrinks and swells as the cement gel loses or gains water. 
Swelling results when the surface forces of the solid phase are able to 
draw water into the narrow spaces between the solid surfaces. The 
magnitude of the swelling can be accounted for by assuming that the 
total volume change that occurs when a dry specimen is saturated is 
due to the increase in spacing of the solid surfaces required to accommo- 
date a monomolecular layer on each opposing solid surface. 

Shrinking results when water is withdrawn from the gel. It is prob- 
ably due to the solid-to-solid attraction that tends to draw the solid 
surfaces together, though capillary tension and elastic behavior may also 
be involved. 

By this theory, volume change is regarded as being the result of an 
unbalance in the forces acting on the adsorbed water. These forces are 
the solid-to-liquid attraction and capillary tension. When the solid-to- 
liquid attraction and capillary tension are equal, the volume of the gel 
remains constant. 


Swelling pressure 
Swelling pressure is the force that would be just able to prevent water 
from entering the gel. For isothermal swelling it is related to the mag- 


nitude of the free-energy change that would occur if the water entered 
the gel. Thus, 


AP = AG /v; TS ee ee ee Oe ee See ee ee oe ee 2 ee oe oe ee (29) 
where AP = increase over existing external pressure required to prevent 
swelling, 


AG = increase in free energy of adsorbed water when swelling 
occurs, and 
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vy = specific volume of adsorbed water, assumed to be inde- 
pendent of pressure. 
Or, in terms of the change in vapor pressure of the adsorbed water that 
accompanies swelling, 


AP = — RY IN 6 kn dv eee ke eeeeeeee pe (30) 
Mo; 


This equation is probably reasonably accurate (except for low values of 
p/p.) for a hypothetical gel composed of discrete colloidal particles. 
When the gel is composed of interconnected particles and encloses stable 
microcrystals and aggregate particles, as in concrete, shrinking or 
swelling is partially opposed by elastic forces. Hence, some difference 
between the theoretical and actual swelling pressure should be expected. 
Capillary tension 

In a partially saturated paste the tendency of the water to enter the 
gel is opposed by tension in the capillary water. The force of capillary 
tension, 


F = |? 4+ | =— In a? are ree (31) 


wo oe 
where o = surface tension of water, 
r; and re = principal radii of curvature of the menisci, and 
vy = specific volume of capillary water. 
Thus, capillary tension and potential swelling pressure have the same 
relationship to relative vapor pressure except for a difference in v;.* When 
the vapor pressure of the gel water and the capillary water are equal, 
volume remains constant. 

In saturated paste that contains no capillary water (we = 4V~m) it 
would appear that there could be no capillary tension. However, some 
of the gel water may actually be capillary water; that is, menisci may 
develop as the gel is dried. Whether or not capillary tension can develop 
in the gel, the tendency of the water to evaporate from the gel would 
have an effect on adsorbed water equivalent to capillary tension. 


Relationship between change in volume and change in water content 
When drying occurs, capillary water and gel water are lost simul- 
taneously. Since the resulting change in volume is due only to the 
change in gel-water content, it follows, theoretically, that 
Aw, — Aw. 
¥< 
where AV change in volume of specimen, 
Aw, = change in total water content, grams, 
Aw, = change in capillary-water content, grams, 


AV = (constant) 


*See footnote, page 586, Part 4. 
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Aw, — Aw, = change in gel-water content, grams, and 
(constant) = a value characteristic of the concrete in question. 
(It probably changes slightly as curing proceeds.) 
Vm is here considered to be a factor proportional to the amount of gel. 
Hence, 





oe Aw, 
4V = (constant) Sam oo ORs 2 a ee (33) 
Aw: Va 


Thus, the change in volume per unit change in total water content will 
depend on the ratio of capillary water to total water. 


Contraction in volume of the system cement + water 
When cement and water react, there is a diminution in the sum of 
their absolute volumes. On the assumption that the contraction is con- 
fined entirely to the water and that the over-all apparent volume of the 
hardened paste does not change after bleeding is over, 
i ee ae eS ek ck gis wipe ae epede 0s (34) 
where w; = weight of total water in the saturated hardened paste, 
Ut specific volume (mean) of the total water, and 
w, = volume of original water in the paste. 


The difference between w, and w; is the amount of water that must 
be absorbed by the specimen during the course of hydration for the 
specimen to remain saturated. 


At any stage of hydration, 
ee ee yd ddcrece chile seas (35) 


Wt 
where 
v; = mean specific volume of the total water (both evaporable 
and non-evaporable) in saturated paste, and 
Wn = non-evaporable water, grams. 


Hence, 

SE a Sr (36) 
where Av, = contraction of the water, cc. 
Self-desiccation 


If a specimen is kept sealed after its bleeding period, so that no extra 
water is available to it during the course of hydration, the pores in the 
paste will become partially emptied. This is here called self-desiccation. 

The degree to which the pores become emptied can be estimated as 
follows: 


Let We 


evaporable water content of the saturated paste 
= We — Wa. 
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Then 
Avy . . ‘ 
— = ratio of empty-pore volume to total-pore volume (ignoring 
We differences in specific volume), 
and 
Av» _ 0.279w, 


‘We =f We — Wn 
Since w; = we. + 0.279w, , 
Oe oe i a ee lee (37) 


We w, — 0.721w, 





This gives the deficiency in evaporable water on a weight-ratio basis, 
which is close enough to the volume ratio for practical purposes. 


For an illustrative example, let w./c = 0.5and w,/c = 0.2. Then, 


Av» _ 0.279 X 0.2 
We 0.5 — (0.721 X 0.2) 


That is, in such a specimen and under conditions that prevent loss or gain 
of water, the deficiency in evaporable water would be 0.16 g/g of total 
evaporable water, when hydration had proceeded to the point where 
w,/c = 0.2. 


Such self-desiccation is believed to be an important factor contributing 
to the frost resistance of concrete. Experimental evidence indicates 
that when specimens of good quality are stored in moist air, or even 
under water, they are unable to absorb enough water to compensate 
completely for self-desiccation. Consequently, cement paste is seldom 
found in a completely saturated state, and hence is seldom in a condition 
immediately vulnerable to frost action. 








ah See ere ere (38) 


CAPILLARY FLOWjAND_ MOISTURE DIFFUSION 


From the standpoint of thermodynamics, capillary flow and moisture 
diffusion are considered to be the results of inequalities in free energy. 
Inequalities in free energy under isothermal conditions arise from 

(1) inequalities in moisture content, 

(2) inequalities in deformations of the solid phase, and 

(3) inequalities in the external pressure acting on the adsorbed water. 
When such inequalities arise, the evaporable water will always tend to 
redistribute itself in such a way as to equalize its free energy. This has 
an important influence on plastic flow under sustained stress. 
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EFFECT OF TEMPERATURE CHANGES 
AT CONSTANT MOISTURE CONTENT 


Effect on swelling 


As mentioned above, potential swelling pressure and capillary tension 
have the following relationships at equilibrium: 


ee a. 60 


ry Ye 

At constant water content, a rise in temperature would expand the 
capillary water and thus decrease its surface curvature. Also, it would 
decrease the surface tension, ¢. Consequently, a rise in temperature 
causes capillary tension to decrease and thus causes water to enter the 
gel and restore equilibrium between AP and F. Thus, a rise in temper- 
ature at constant water content causes swelling in addition to the normal 
thermal expansion. The swelling of the solid phase would be absent in 
a dry specimen or in a saturated specimen where p = ps. 

From the above it follows that the “thermal coefficient” of a given 
sample of concrete is not a constant, unless the sample is completely 
dry or saturated. 


Effect on diffusion 


When counteracting effects are absent, evaporable water moves in the 
direction of descending temperature. 


Combined effect of stress, strain, changes in humidity, and temperature gradients 

In concrete subjected to changing external forces, changing tem- 
peratures, and fluctuating ambient humidity, the evaporable water must 
be in a continual state of flux. As a consequence, the concrete swells, 
shrinks, expands, and contracts under the changing conditions in a 
highly complicated way. The separate effects may combine in different 
ways at a given point in the mass so that they offset or augment each 
other. Possibly these effects have an influence on the ability of concrete 
to withstand weathering. 


FACTORS GOVERNING THE EXTENT AND RATE OF 
HYDRATION OF PORTLAND CEMENT 


Extent of hydration 


The principal factors governing the ultimate degree of hydration, 
regardless of the time required, are the relative proportion of particles 
having mean diameters greater than about 50 microns, and the original 
water-cement ratio. Incomplete data indicate that cements containing 
no particles larger than 50-micron diameter (or thereabouts), become 
completely hydrated if w./c is not too low. The ultimate extent of 
hydration appears to be about inversely proportional to the 325-mesh 
residue. 
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With any given cement the ultimate degree of hydration is propor- 
tional to the water content of the paste in all pastes in which w,/c is 
less than a definite limiting value. With an average cement the limiting 
value is about 0.44 by weight. That is, this is the lowest w./c that will 
permit the ultimate degree of hydration with an average cement. Pre- 
sumably, the greater the 325-mesh residue, the lower this limiting value 
of w,/c. 


Rate of hydration 


With other factors equal, the average rate of hydration is lower the 
smaller w./c, except during a short initial period. Consequently, the 
time required to reach ultimate hydration becomes longer as w,/c is 
made smaller. 


During the early stages of hydration, say during the first week or 
two, the rate of hydration is higher by a large factor, the higher the 
specific surface. But during the later stages, the rates of hydration for 
cements of widely different specific surface differ comparatively little. 

Self-desiccation influences the rate of hydration. As the pores be- 
come partly emptied, the vapor pressure of the remaining evaporable 
water is correspondingly reduced. Experiments indicate that even 
though the remaining water is chemically free, its rate of reaction with 
cement is a function of its relative vapor pressure. If the relative vapor 
pressure in the paste drops below about 0.85, hydration virtually ceases. 
Consequently, sealed specimens hydrate more slowly than those having 
access to water, and they may never reach the ultimate degree of hy- 
dration possible when extra water is available. This has a bearing on the 
efficiency of membrane or seal-coat curing. 


The foregoing discussion indicates that conclusions concerning the 
rate and amount of hydration of portland cement in concrete (w/c = 0.45 
to 0.70) should not be drawn from data on standard test pieces (w/c = 
0.25 +). Moreover, specimens cured in sealed vials should not be ex- 
pected to hydrate at the same rate and to the same extent as similar 
specimens cured in water or fog. Also, it should be noted that for 
samples in sealed vials, water separated from the paste by bleeding must 
be considered as extra water. 


RELATION OF PASTE POROSITY TO COMPRESSIVE STRENGTH 


The compressive strength of 2-in. mortar cubes is, with certain re- 
strictions, given by the relationship 


Vin 


Wo 





f. = 120,000 eh OE POT ERE ET ae aye ee (40) 


where f, is compressive strength, psi, and V,/w, is considered to be a 
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factor proportional to the degree to which the gel fills the originally 
water-filled space, here called the gel-space ratio. The relationship holds 
for all ages and apparently for all cements low in C3A (less than about 
7 percent computed). 


For cement of average or high C;A content, and especially for those 
high in both alkali and C;A the strengths obtained at a given V»,/w, are 
lower than those indicated by the equation. The results obtained with 
some such cements can be brought into compliance with the equation by 
increasing the gypsum content of the cement. 


The relationship given by eq. (40) is considered to be empirical— 
neither fundamental nor general. Independent variables that are not 
adequately taken into account are as follows: 

(1) some features of cement composition, 

(2) effect of aggregate particles, 

(3) entrained air, 


(4) fissures under the aggregate particles that form during the bleeding 
period, and 


(5) variations in curing temperature. 


FREEZING OF WATER IN HARDENED PASTE 


Owing to the nature of the relationship between water content and 
free energy, as shown by sorption isotherms, the water in a saturated 
paste freezes or melts progressively as the temperature is varied below 
the normal melting point. An example of the progressive melting of 
ice’in a particular frozen, saturated paste follows: 








Amount Amount of 
Tem- of ice, ice, as percent 

perature * g/g of of amount 

cement at —30 C 
0 0 0 
— 0.5 0.045 21 
- 1.5 0.075 36 
2.0 0.093 44 
3.0 0.109 52 
4.0 0.122 59 
5.0 0.131 62 
6.0 0.137 65 
- §.0 0.147 70 
—12.0 0.168 80 
-16.0 0.181 86 
30.0 0.210 | 100 


*The temperatures indicated are for samples exposed 
to air or water, For exposure to toluene, as in the ex 
“+ ae the figures for temperature should be divided 
ry 2. 
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The capillary water is believed to freeze in place, at least under the 
conditions of the experiments. However, the gel water probably flows or 
distills from the gel to the capillaries before it freezes. 

The temperature at which the last increment of ice disappears on 
progressive melting is here called the final melting point. It would 
be the same as the initial freezing point, were it not for the occurrence 
of supercooling. 

The final melting point in saturated pastes ranges from about —1.6 C 
to about —0.05 C. The depression of the final melting point is due to 
dissolved material in the mixing water, principally alkalies. 

The final melting point in a paste that is not fully saturated depends 
not only on the dissolved material but also on the degree of saturation; 
the lower the degree of saturation the lower the final melting point. 

All the evaporable water is freezable, but a minimum temperature 
of about —78 C is required to freeze all of it. 

At any given temperature between —78 and —12 C*, the maximum 
amount of freezable water in saturated paste is 


r 


ir re oe iS nici vlacaewe hed) 1<oceneseeleeen (41) 
or, approximately, 
We @ We — Wa (1 + 0.26) 5... ccc ccc vec ccacs 


or 
we = We — (0.721 + 0.26u)w,, 0... cece eae Vee 
in which wy = freezable water, 
Ww, = total evaporable water, 
Vm = factor here considered to be proportional to the gel con- 
tent of the paste, 
Wr non-evaporable water, and 
u a constant equal to wy/Vm, where wy, is the amount of 
water unfreezable at a given temperature. 
The following are empirical relationships for the maximum amounts 
of water freezable in saturated pastes at given temperatures, in terms of 
w, and w,: 


(wy)-12° Wo 1.76w, 
(wy)-20° Wo — 1.68w, 
(wy).20° Wo — 1.55w, 


At —12 Cf, the amount of freezable water is equal to the volume of the 
capillary water outside the gel. At lower temperatures gel water is 
frozen, but the gel water probably leaves the gel and becomes a part of 
the ice already formed in the capillaries. 


*Hee footnote below table on previous page. 


The temperatures indicated are the theoretical values for freezing in air or water. 


They correspond to 
-6 C, ~10 C,and 


15 C, reapectively, for freezing in contact with toluene. (See Part 8.) 
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At temperatures above —12 C, the maximum amount of freezable 
water is roughly proportional to the amount of capillary water, w. — 4Vm, 
or (approximately) W, — 1.76w,. The proportionality constants are 
about 1.0 at —12 C, 0.86.at —8 C, 0.7 at —4C, and 0.6 at —2C. 

The maximum amount of ice will not be present unless the temperature 
has previously dropped to a low value, —50 C or perhaps lower. If the 
maximum cooling is only a few degrees below the final melting point, the 
amount of ice formed would probably be less than the amount indicated 
by the relationship given above. This is a result of the hysteresis in the 
water content vs. free-energy relationship as indicated by the sorption 
isotherms. 


For practical purposes, the freezable water can be considered to be 
identical with the capillary water. Hence, pastes that contain no capillary 
space outside the gel are considered to be without freezable water. 
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Current Reviews 


of Significant Contributions in Foreign and Domestic Publications, 
prepared by the Institute's Reviewers 


The mass production of precast concrete slabs 
Concrete and Constructional Engineering Vol. 41, No. 12 (December 1946) 
pp. 359-365 Reviewed by GLENN MuRpPHY 
A description, including photographs, is given of a recently established factory for 
producing precast concrete slabs which have stucco applied to one face. Slabs produced 
are 48 in. by 16 in. by 2 in. thick. With the assembly line methods used the production 
of the plant is about 200 slabs per hour with less than thirty men employed. 


The Svinesund Bridge 


Concrete and Constructional Engineering Vol. 41, No. 12 (Dec. 1946) 

pp. 354-355 Reviewed by GLENN Murpuy 

This article presents. photographs and sketches of a reinforced concrete arch bridge 
recently completed over the Ide Fjord at Svinesund on the border between Sweden 
and Norway. The arch which carries a 23-ft. roadway and a 4-ft. walk on each side 
has a span of 508 ft. and a rise of 131 ft. The approach structure which has a total 
length of 870 ft. is built of granite. The reinforced concrete arch is of cellular construc- 
tion. An allowable stress of 1600 psi was used in part of the concrete. 


Method of finite difference equations applied to continuous beams 
Concrete and Constructional Engineering Vol. 41, No. 12 (Dec. 1946) 
pp. 352-354 Reviewed by GLENN Murpuy 

This article is a reproduction of a paper by N. J..Durant which appeared in the 
Philosophical Magazine, Series 7, Vol. 35, page 848, December 1944 under a different 
title. The conventional solution of a continuous beam involves writing a series of 
simultaneous equation in terms of the moments developed over each support and solving 
these equations simultaneously. The method outlined in the article indicates how a 
general equation for the moment over any support may be developed (for the condition 
of all spans equal). This materially reduces the labor of computation. 


Simplified design of members subject to bending and direct stress 


L. W. Asuurst, Concrete and Constructional Engineering Vol. 41, No. 12 (Dec. 1946) 
pp. 333-343. Reviewed by GLENN MurRpPHY 


This article contains a series of nomographic charts developed to aid in the design 
of columns, arch ribs, slabs, frames and other structural units subject to combined 
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moment and thrust. The charts are usable for a range of rectangular sizes varying 
from 8 in. by 8 in. to 26 in. by 26 in. They are based on the assumption that the stress 
in the steel is 18,000 psi and that the ratio of the modulus of elasticity of the steel 
to the modulus of the concrete is 15. Charts are presented for maximum stresses of 
750, 850, 950, 975, 1110, and 1250 psi in the concrete. 


New standard specifications for portland cement in Eire 
Concrete and Constructional Engineering Vol. 41, No. 12 (Dec. 1946) 
pg. 367 Reviewed by GLENN Murpuy 
This article calls attention to the standard specifications for portland cement which 
were issued in October 1946 by the Building Research Commission of Ireland and com- 
pares requirements with British standard requirements. For the items listed the spe- 
cifications are similar to the A.S.T.M. specifications in general scope but different in 
some of the details. A tensile strength of 330 psi at three days and 430 psi at seven 
days is specified for standard portland cement, and a tensile strength of 300 psi at 
one day and 455 psi at three days is stipulated for rapid hardening cement. No com- 
pression tests are specified. 


Tests on precast concrete poles 
Concrete and Constructional Engineering Vol. 41, No. 12 (Dec. 1946) 

pp. 356-358 Reviewed by GLENN Murpuy 

Loading tests were carried out on a series of class B (British standard) reinforced 
concrete line poles. The poles tested were 28 ft. long and of rectangular cross section 
tapered from 1014 in. by 6% in. at the base to 634 in. by 4% in. at the tip. They were 
made of 1:114:3 mixture with a water cement ratio by weight of 0.43. High early 
strength cement was used and the concrete was placed by vibration. The poles were 
mounted horizontally in the test rig, being clamped 5 in. from the base and having the 
load applied through the eye bolt 2 in. from the top. The tests were made at approxi- 
mately 18 days. Deflections of about 414 in. were measured at the working load of 
625 lb., and no set was observed after the loads were removed. One pole was tested 
to the ultimate load of 1250 lb., which it carried satisfactorily, and another pole was 
loaded to a miximum of 1610 lb. 


Low-cost repairs restore concrete hangar to design strength 
Anton Tepesko, Civil Engineering Vol. 17, No. 1 (Jan. 1946) pp. 9-12 Reviewed by J. R. SHanx 


A Z-D shell-type concrete hangar at Wright Field, Dayton, Ohio, was accidentally 
subjected to a 2-hour fire of burning fuel-filled airplanes and repaired at a cost of less 
than 5 percent of the original cost. The construction is a 31%-in. concrete shell be- 
tween main arch rings spaced 42 ft with stiffening ribs at mid-span. Flames and 
smoke rose 300 ft. above the hangar and the intense heat twisted the steel doors and 
guides beyond repair. 

Inspection showed full-depth, transverse cracks in the roof shell extending down either 
side of the crown for distances as much as 50 ft. Five percent of the concrete ceiling 
had spalled. Calculations showed that a uniform upward pressure of 400 Ib per sq 
ft on the shell would produce moments of sufficient magnitude to cause the steel to 
yield and the concrete to crack. The same moment would be produced by a temperature 
differential averaging 1100 F. 

The repairs consisted of opening and widening the cracks, reinforcing the underside 
with welded wire fabric stretched tightly across the exposed area and guniting from 
below. No care was taken for appearances. A test load of 30 lb per sq ft (horizontal 
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projection) was applied over one entire area from main arch to the stiffening rib. This 
loading was left on for three days while deflection measurements were taken. There 
was no plastic flow noted. Deflection readings, agreeing closely with elastic calculations 
developed at the start, remained relatively constant and upon removal of the load were 
eliminated. There was complete recovery. 


Addition of air-entraining agent at concrete mixer advocated 
Cuaries E. Wuerpen Civil Engineering Vol. 16, No. 11 (Nov. 1946) 
pp. 496-498 Reviewed by J. R. SHanx 
The author sets forth in few words the action of entrained air in concrete. Air bubbles 
of sizes 30-100 mesh screen are flexible lubricative bodies which more than make up for 
deficiencies in these sizes of sand. They need no wetting for fluxing of cement over them 
which reduces the amount of water necessary for workability. They are non-contiguous 
approximate spheroids which offer cushioning against local expansions due to frost 
action and therefore promote durability without developing permeability. 


The optimum beneficial proportion of entrained air is in the region of 3 to 4 percent 
by volume. This varies inversely with size of aggregate from 51% percent for 34-in. ag- 
gregate to 2!4 percent for 6-in. aggregate. 

Inspection and the physical measurements for same are not yet well worked out. 
None is believed to be superior at this time to the gravimetric (unit weight) method 
described in ASTM C138-44. It is practically impossible to predict with certainty 
what the air content of a mixture will be from calculations alone. 


The author believes that the air-entraining agent should be added in the field by 
accurate, automatic, mechanical means whereby its regulation is in the hands of the 
engineer. The development of air entrainment, in line with other technical develop- 
ments in the making of concrete, shows the increasing need for the expert in the making 
of concrete. 


A new form of bored pile 
R. Giossop and T. 8. Greeves, Concrete and Constructional Engineering Vol. 41, No. 12 (Dec. 1946) 

pp. 344-351 Reviewed by GLENN Murpuy 

Bored piles or piles which are cast in a bored or drilled hole rather than being pre- 
cast and subsequently driven to place are said to have several advantages: 1) The 
boring gear requires little head room as compared with driving equipment, 2) no vibra- 
tion is developed during construction, 3) the construction involves no lateral displace- 
ment of the surrounding soil, 4) boring reveals the nature of the soil, 5) they are more 
economical in small numbers. 

The disadvantages of the bored piles are 1) a smaller coefficient of friction between 
pile and soil is developed, 2) the time required for installation is greater, 3) they are 
not subject to inspection, and 4) they are less strong when cast under water. A number 
of techniques have been developed to overcome the latter difficulty: 1) use of a tremie 
in placement, 2) pre-casting the piles in short segments, 3) utilization of an air lock to 
force the water out of the drilled hole during casting, 4) sealing che hold with silica gel, 
which may be accomplished by first introducing sodium silicate into the soil surrounding 
the hole and then adding calcium chloride which will precipitate the silica gel. 

The article describes tests made on piles where the purpose was to compare bearing 
characteristics of piles cast using a tremie with those cast in soil which had been chemi- 
cally consolidated. The two gave approximately similar results. 
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The 1947 Convention 
Reviewed by Fred F. Van Atta 


The 43rd ACI Convention, Cincinnati (a return visit after 24 years) 
February 24-26, at Netherland Plaza with its convenient accommoda- 
tions for general sessions and committees will be remembered as notable 
in many respects. 

Stanton Walker was elected President of the Institute with new 
officers and directors. 

The previously proposed changes in the By-Laws for the reconsti- 
tution of the Board of Direction, increasing its membership from 18 to 
19 members and increasing dues rates, were approved. If ratified by 
the membership in the letter balloting now in process the Board will, 
beginning at the next convention in Denver Feb. 24-26, 1948, consist of: 
a President, elected for a term of one year with eligibility for reelection 
for one year; two Vice-Presidents elected for two-year terms on alternate 
years, 12 Directors, elected four each year for three-year terms and 
ineligible for reelection without a lapse of one year in service (interim 
provisions for the first two elections afford transition to the new regime); 
the three last Past-Presidents, still members of the Institute; a Secretary- 
Treasurer, appointed annually by the Board for a term of one year. 

Dues, with membership ratification will be: Contributing members 
unchanged at $50.00; Corporation Members increased from $20 to $25; 
Members, Individual in Canada and in U. S. and its territories and 
possessions, from $10 to $12.50; Junior Members from $6 to $7.50; 
and Student Members, $3 to $5, effective with membership anniversaries 
on and after July 1, 1947. Ballots are to be returned for canvassing not 
later than June 28, 1947. 

The Convention also approved the adoption of the proposed revision 
of “Building Regulations for Reinforced Concrete (ACI 318-41)” as 
reported by ACI Committee 318 in the December 1946 JouRNAL subject 
to an additional revision proposed by the committee after publication. 

Approval of convention action on the Code is also before the voting 
members of the Institute on referendum ballot. 

The newly organized Technical Activities Committee which assumes 
the duties of and replaces the former Publications and Advisory Com- 
mittees, held a short meeting getting its activities under way. Of 
interest to all members is its action in advancing Prof. 8. J. Chamberlin, 
from Secretary to Chairman of Committee 115, Research, to succeed 
Morton O. Withey, who resigned because of his increased responsibilities 
as Dean of the College of Engineering, University of Wisconsin. Prof. 
George W. Washa, also of the University of Wisconsin succeeds Professor 
Chamberlin as Secretary and Nathan Newmark of the University of 
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Illinois, succeeds Professor Richart as Vice-chairman. These nominations 
were approved at a brief Board meeting following the adjournment of 
the convention. 

199 Members and their friends and guests sat down to the luncheon 
Tuesday noon which was highlighted by the presentation of annual 
awards by President Gonnerman. 

Convention registeration, 296, was a new low, excepting the token 
conventions held in two war years. In contrast, however, the attendance 
at sessions was an usually high percentage of the number registered. 
Interest was keen and sustained, and perbaps this interest was reflected 
in the dispatch with which the program unfolded. A remark by one of 
the electricians servicing the meeting rooms, which went something as 
follows, is descriptive: “What is the matter with this outfit, anyway; 
they’re always on time. When they say a meeting will be at 9:00 they 
meet at 9:00 and half the crowd seems to come into the auditorium 
about 8:30 before I can get things set up. With most conventions a 
9:00 session means 9:30 or 10:00, at least.”” What he didn’t know was 
that President Gonnerman set an example, followed by other presiding 
officers, in taking the schedule seriously. 

The relatively small registration might be explained as partly due to 
conflict or near conflict in convention dates with the A.S.T.M., the 
National Ready Mixed Concrete Association, the National Sand and 
Gravel Association and others; and to the late dates at which the pro- 
gram material became available for announcement in general publicity. 
Another factor may have been that the meeting was not in a membership 
center. In spite of the low registration, the consensus was, that the 
convention program of 5 sessions was a good one; not too crowded, as 
in the previous year, allowing plenty of opportunity for discussion and 
made up of interesting and timely papers. 

The following technical committees took advantage of the assembled 
members to hold meetings at the time of the convention: Committee 
208, Bond Stress, H. J. Gilkey, chairman; Committee 210, Resistance 
of Concrete to Abrasion and Erosion, Sub-Committee on Hydraulic 
Structures, Walter H. Price, sub-committee chairman; Committee 214, 
Evaluation of Results of Compression Tests of Field Concrete, Hugh 
Ross, chairman; Committee 213, Properties of Lightweight Aggregate 
Concrete, George W. Washa, chairman; Committee 318, Standard 
Building Code, R. R. Zipprodt, secretary and J. P. Thompson, presiding 
in the absence of A. J. Boase, chairman; Committee 324, Precast Rein- 
forced Concrete Structures, A. Amirikian, chairman; Committee 612, 
Recommended Practice for Curing Concrete, Mark Morris, chairman; 
and Committee 711, Precast Floor Systems for Houses, F. N. Menefee, 
chairman. 
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Cement Grouting Parctice 
First Session, Monday, February 24, 2:00 P.M. 





Due to the short interval of convention 
program development, several important 
contributions had not been fully prepared 
for agen ag For the same reason a few 
1 only had had pre-convention pub- 

ication. A the April Journal goes to the 
rinter the publication schedules have not 
en completed. Papers will be pub- 
lished as soon as possible after they be- 
come available. eanwhile ACI mem- 
bers and others will please be patient. 
It will not be possible to supply copies of 
unpublished convention contributions. 





President Gonnerman opened the 43rd 
convention promptly at 2:00 p.m. with a 
few brief announcements including the 
appointment of tellers H. D. Loring and 
Charles T. Kennedy. With him on the 
rostrum were Vice President Robert F. 
Blanks as co-chairman and Walter H. 
Price, Session Leader for the afternoon 
program. Following the announcements 
President Gonnerman turned the meeting 
over to Mr. Price. 


Contraction Joint Grouting of Large Dams 


A. Warren Simonds, U. 8. Bureau of Re- 
clamation presented his paper which had 
appeared in the February 1947 ACI 
JourNAL describing experiences in the de- 
velopment of present grouting techniques 
used by the Bureau. Special reference 
was made to the grouting of Shasta Dam. 
Following Mr. Simonds’ presentation Mr. 
Price described briefly some laboratory 
experiments made in connection with 
determination of the efficiency of grout- 
ing and the minimum opening which 
could be grouted successfully. The tests 
indicated that an opening as small as 5 
thousandths of an inch could be success- 
fully grouted, but that perhaps 8 
thousandths would be the minimum 
recommended. The work on which these 
comments were based Mr. Price said 
would probably be the basis of a future 
paper. 


Notes on the Theory and Practice of Foun- 
dation Grouting 

V. L. Minear of the Office Chief of 
Engineers, War Department, Washington, 
D. C. described foundation grouting as 
one of the most controversial problems in 
dam design and construction. Successful 
treatment of any given foundation re- 
quires modification in standard techniques 
to meet existing Methods 
used successfully on one job may not 
always be satisfactory on another. He 
discussed certain theories and practices 
in this important and costly phase of dam 
construction. 


conditions. 


Discussion was presented 
Yates, engineer, Ohio River 
Corps of Engineers, Cincinnati; Douglas 
McHenry of the Bureau of Reclamation 
read a discussion prepared by 
B. Hays, formerly 
Upper Holston Project, Tennessee Valley 
Authority. Other written discussion, sub- 
mitted by reference only, had been pre- 
pared by: Edward B. Burwell, Jr., head 
geologist, Office of the Chief of Engineers, 
War Department, Washington, D. C.; 
James 8S. Lewis, Jr., formerly with the 
Tennessee Valley Authority; and B. A. 
Hall, of the Bureau of Reclamation. Mr. 
Minear’s paper appears in this JourNAL, 
p. 917.. Discussion is scheduled for pub- 
lication next fall in the Supplement, con- 
cluding the current Proceedings volume, 


by O. T. 
Division, 


James 


project manager, 


Oil Well Grouting Practice 


Interesting because descriptive of 
unusual practice was the paper by R. FE. 
Moeller and Hayden Roberts presented 
by Mr. Moeller, (See p. 893, this Journat) 
Oil well “cementing”, as it is known in 
the petroleum industry, is a highly spe- 
cialized service, 
and equipment. 
to eliminate 


with unique procedures 
Oil wells are cemented 
contamination, to repair 
leaks in the depth of 
the hole various well 
conditions when necessary, as described 


pipes, to reduce 


and to correct 
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in outline by Mr. Moeller. Most equip- 
ment is truck-mounted, either motor- 
driven, taking its power from the truck 
engine or auxiliary engine, or steam- 
driven, utilizing power from the boilers 
serving the well drilling equipment. A 
cementing truck carries the mixer and the 
cementing pump. Commonly used is the 
hydraulic jet mixer, a device which forces 
a stream of water through a jet across a 
hole into a discharge pipe, the water 
passing through the hole creating a 
vacuum which pulls the cement into 
the hole from a hopper. As the cement 
enters the stream of water it is thoroughly 
mixed in the turbulent flow occuring 
within the discharge pipe. Mixers of 
this type will maintain a flow of a maxi- 
mum of 50 sk. per min. with water-cement 
ratios ranging upward from 41% gal. per sk. 

While mechanical mixers are also used 
with varying degrees of success, the jet 
mixer has the advantage of giving a more 
thorough mix at high speeds, but lacks 
some of the control of water-cement, ratios 
inherent in a mechanical mixer. An ex- 
perienced operator can control the water- 
cement ratio in a jet mixer within toler- 
ances of plus or minus 4 gal. of water 
per sack. Cementing pumps are specially 
designed for this particular type of service 
and require a delivery rate of 175 to 200 
gal. per min. operating against whatever 
well pressures are encountered. ‘These 
pressures have been known to reach 10,000 
psi or greater. 

Mobility is important in the design of 
oil well cementing equipment, considering 
the often inaccessible locations. 


Discussion was submitted by Prof. W. 
F. Cloud, Petroleum Engineering Divi- 
sion, University of Oklahoma; J. P. Clark, 
Stanolind Oil and Gas Co., Tulsa, Okla.; 
A. J. Teplitz, Gulf Research & Develop- 
ment Co., Pittsburgh. 


The Maintenance and Reconstruction of 
Concrete Tunnel Linings with Treated 
Mortar and Special Concrete 

Presented by B. D. Keatts, Regional 
Vice-President of Intrusion-Prepakt, Inc., 
this paper described defects in concrete 
tunnel linings such as_ disintegration, 
seepage, honeycomb, cracking and 
structural failures, and faulty conditions 
in earth and rock formations through 
which tunnels have been driven; and 
methods used, employing treated mortars 
and a special concrete with unconventional 
placing methods. The use of treated 
mortar, a process known as Intrusion, 
permits retention in the mixer for long 
periods, if necessary, without setting. It 
can be pumped long distances and applied 
under pressure to minute cracks and cre- 
vices in concrete linings and to faulted 
rock structures surrounding tunnel lining 
to seal off the entrance of water. The 
concrete known as Prepakt is made by 
placing graded coarse aggregate in sections 
to be repaired, followed by the grouting 
with the special mortar. Mr, Keatts’ 
contribution was well illustrated (ACI 
Journat, March, 1947) with slides and 
was of the nature of a sequel to the 1946 
“Two Special Methods 
of Restoring and Strengthening Masonry 
Structures” which won the ACI Construc- 
tion Practice Award for J. W. Kelly and 
B. D. Keatts. 


convention paper, 


Concrete Mix Design, Determination of Air Content of Concrete, Cracks 
in Concrete, Erosion, Painting of Concrete 


Second Session, Monday, February 24, 8:00 P.M. 


With the promptness characteristic of 
this convention, President Gonnerman 
called the second sesgion to order at 8:00 
Monday evening and introduced Prof. 


Raymond FE, Davis of the University of 
California, ACI Past-President, with whom 
the chairmanship was divided. 
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Concrete Mix Design—A Modification of 
the Fineness Modulus Method 

Myron A. Swayze, Director of Re- 
search, Lone Star Cement Corp., presented 
this paper, of which Ernst Gruenwald, 
Manager Lone Star’s “Incor”’ Division 
was co-author, (see ACI JourNnAL, March, 
1947). It reports a comparison of three 
maximum size gradings of sand-gravel 
and sand-crushed stone mixtures in con- 
crete, indicating that for each type and 
size of coarse aggregate a constant value 
for fineness modulus will be obtained for 
any workable mixture from lean to rich, 
if the cement is included in the modulus 
figure. While trial batches are still 
recommended for previously unused ag- 
gregates, the modification proposed for 
the old fineness modulus method permits 
the design of equally workable batches of 
varied cement contents from data on 
trial mixes of a single cement factor. This 
materially reduces the number of test 
batches when a range of cement contents 
is to be used with a set of aggregates. 

Stanton Walker presented notes from 
written discussion by F. F. Bartel and 
himself. It was pointed out that fine- 
ness modulus, developed by Duff A. 
Abrams of the Structural Materials Re- 
search Laboratory at Lewis Institute, 
Chicago, about 1917 and introduced to the 
engineering public about 1918 in Bulletin 
I of that Laboratory, is a most useful 
tool in the design of concrete mixtures 
which has not found the acceptance among 
engineers that it deserves; and that the 
combined solid fineness modulus concep- 
tion to which Mr. Swayze referred will 
make it an even more useful tool. 


Apparatus and Methods for the Determi- 
nation of Air Content of Fresh Concrete 

In introducing the author, Chairman 
Davis pointed out that air entrainment is 
perhaps the most important development 
in concrete since the vibrator. Many 
concrete technicians have been bothered 
by the problem of determining the amount 
of air in concrete and in development 
of better methods for that determination. 
Carl A. Menzel of the Portland Cement 
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Association’s research laboratories, pre- 
senting his paper, pointed out difficulties 
encountered in obtaining accurate deter- 
minations using the so-called ‘gravimetric 
method.” 

To meet the wider use of air-entraining 
cements the need for a dependable and 
practical method for measuring air con- 
tent in the field has become acute. Mr, 
Menzel described apparatus developed 
and tests made by several procedures 
based on two different principles of 
measuring the air content, neither of 
which requires weighing. These are the 
direct volumetric method in which con- 
crete is inundated entrained air 
escapes when the mixture is properly 
stirred or rolled, the volume of air which 
escapes being indicated by the volume of 
liquid required to restore the liquid level; 
and the pressure method (proposed by 
Klein and Walker)* in which the concrete 


is placed in a closed, pressure-tight vessel 


and 


and then subjected to pressure to compress 
the entrained air, whose volume is then 
determined by the application of Boyle’s 
Law. Mr. Menzel described variations of 
these principles: 1) the rolling 
method, 2) the modified rolling method, 
3) the stirring method, 4) the original 
Indiana method, 5) modified Indiana 
method (all of which are based on the 
direct volumetric method) and 6) the 
pressure method originally proposed by 
Klein and Walker. In considering the 
practicability of the different methods, 
Mr. Menzel displayed a piece of apparatus 
suitable for laboratory and field tests 
that could be adapted for either the 
volumetric method or the pressure method 
of determination. 


two 


In the discussion period following this 
paper, Chairman Davis commented that 
it has been found that altitude makes some 
difference in the use of pressure methods, 


There was extemporaneous discussion 
by Chairman Davis, Stanton Walker and 
Mr. Menzel. 


**A Method for Direct Measurement of En- 
trained Air in Concrete’’, by W. H. Klein and Stan- 
ton Walker; ACI Journna., June 1946, Proc. V. 42, 
p. 657. 
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Cracks in Concrete 

After a brief recess, President Gonner- 
man again took the chair and introduced 
Byram W. Steele who presented his paper 
which appeared in the February 1947 
JouRNAL. He discussed briefly and con- 
cisely the causes of cracks in concrete and 
recommended practices in planning design 
and construction to avoid their occurrence 
to an objectionable degree. 


Erosion of Concrete by Cativation and 
Flowing Water 

Walter H. Price described high velocity 
water jet and shot blast tests which were 
made to determine the effect of mix pro- 
portions, curing, absorptive form linings, 
air entrainment and surface finish on re- 
sistance to erosion. He cited examples of 
erosion failures in hydraulic structures 
by wear and cavitation and the method of 
repair. H. I’. Gonnerman and A. T. Gold- 
beck were participants with Mr. Price in 
the brief oral discussion that followed. 
Mr. Goldbeck suggested that rubber 
might be a way of preventing excess 
abrasion and Mr. Price agreed that 
laboratory tests had indicated that rubber 
helped to prevent excessive abrasion. 

The paper will appear in an early 
JOURNAL issue. 


Painting Exterior Concrete Surfaces with 
Special Reference to Pretreatment 

Douglas McHenry presented this paper 
by G. E. Burnett and A. L. Fowler of the 
U. S. Bureau of Reclamation. Laboratory 
evidence was presented to demonstrate 
that pretreatment is invaluable to the 
successful use of oil-base paints on con- 
crete surfaces. With proper pretreatment 
it is indicated that paint on concrete may 
last longer than paint on wood and that 
the customary extended aging period 
prior to painting may be omitted. 

The paper will be published as soon as 
available, 


Painting Interior Concrete Surfaces: The 
Experience of One Organization 

In the absence of T. H. Chisholm, 
Roderick B. Young presented Mr. Chis- 
holm’s paper which reported that 25 
years’ experience showed that with a few 
simple precautions, painting the interior of 
concrete buildings offers no more difficulty 
than does the painting of wood or other 
materials. The paper describes the prac- 
tices of the Hydro-Electric Power Com- 
mission of Ontario which have prompted 
this conclusion. It appears on p. 913 of 
this JOURNAL. 


Precast Concrete 


Third Session, Tuesday, February 25, 9:00 A.M. 


Past-President Douglas I. Parsons, 
presided at the third session, and opened 
with the following comment: 

“Tt isn’t often that we have the privilege 
of witnessing the first steps in the develop- 
ment of what seems to be a new practice 
in concrete construction that has a very 
promising future. This morning we have 
with us some of the pioneers who have 
come to give us the benefit of their think- 
ing and experience.” 


Some Problems in Structural Framing of 
Precast Concrete Houses 


A. Amirikian, Head Design Engineer 
of the Bureau of Yards and Docks, U. 8. 
Navy, explained some of the problems en- 
countered in the design of the framing 
and application of the basic principles 
used in large scale housing projects em- 
ploying precast concrete elements. The 
examples described were a_ two-story 
house framing of the row-house type and a 
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one-story house framing for use in tropical Precast Concrete Houses 


zones of the Pacific islands, both for the This paper by K. P. Billner and Bert M, 
U.S. Navy. In the oral discussion period Thorud, President and Chief Structural 
that followed, Julian IK. Smariga, U. 8. Engineer, respectively of Vacuum Con- 


Public Health Service, Washington, D.C., crete, Inc., was presented by Mr. Thorud 
observed that Mr. Amirikian had neglected — and described a housing development near 
to mention the thinness of the shells of the Philadelphia using vacuum processes in 
panels; and when Mr. Amirikian replied — precasting and erection of elements. It 
amid laughter, he said that he didn’t was in the nature of a sequel to a paper 
mention the %4-in. thickness because he presented at the 1946 Convention in 
didn’t want to scare anybody; but that Buffalo entitled ‘Harnessing the Atmos- 
such a thickness was practical in this type phere for Concrete Construction,’’ pre- 
of construction. Mr. Smariga also stated sented by V. 8S. Murray. The highlights 
that there is often some hesitancy among = of both contributions are to be combined 
engineers to seek cooperation with archi- into one paper for JouRNAL publication. 
tects, most architects having minds of 

their own; but that he felt in this kind of Basic Features of Design—Precast Concrete 
work the architects would make some ex- Warehouses and Construction Kinks and 


ceptions. In particular dealings with Costs, Actual and Comparative—Precast 


; Concrete Warehouses 
architects he has found them to be very 


enthusiastic, particularly those who are 
looking for new ways to do things. A. C. 
Sandberg of Rock Island, Illinois also 
entered the discussion saying that he was 
an architect as well as an engineer and 


that he had done quite a bit of work with ; “spe 
He the practical application of the warehouse 


In a second paper Mr. Amirikian de- 
scribed the unconventional concept of 
design and forming for the construction 
of concrete warehouses built for the Navy 
at Mechanicsburg, Pa. Louis P. Corbetta 
of the Corbetta Construction Co., took up 
houses and reinforced concrete. erty 
pointed out that one reason engineers job in the paper on construction kinks and 
and architects do not cooperate more on 
some of the problems of housing is 


costs. The Corbetta company was the 


as successful contractor in competitive bid- 
mentioned by Mr. Amirikian, that the 
engineer gets in too late. The engineer 
thinks of the problem from the beginning 
from the structural standpoint, while the 


architect thinks of the completed structure 


ding to construct the job described by Mr. 
Amirikian, «Mr. Corbetta described ex- 
periences and observations of the con- 
tractor including total costs and time 
factors. A motion picture color film with 
from the standpoint of esthetic value, He sound wack added appreciably to the 
terest. and information on the warehouse 


also pointed out that, in general, the ' ; 

I aoe = K , work, John Murray, Cementstone Co., 
architect is interested in housing only be- Pittsburgh outlined the subject of paper 
cause it is an interesting problem, and he — on precast construction which he plans to 


doesn’t look at it from the standpoint of | submit to the Institute with a view to 


remuneration. JOURNAL publication in the near future, 


Get-together Luncheon, Presentation of Awards 


Tuesday, February 25, 12:00 Noon 


199 members and guests participated in Leonard C. Wason Medal for the “most 
the get-together luncheon in the Hall of — meritorious paper’ of ACL Proceedings 
Mirrors Tuesday noon with the annual Vol, 42 to Gerald Pickett for his paper 
presentation of awards following the “Shrinkage Stresses in Concrete’? (ACI 
luncheon. President Gonnerman presid- Journan Jan. and Feb. 1946); the 
ing made the awards as follows: the Leonard C, Wason Medal for “noteworthy 
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research,” to Charles I. Wuerpel for the 
work reported in his ‘Laboratory Studies 
of Concrete Containing Air-[entraining 
Admixtures” (ACI Journan, Feb, 1946); 
the ACI Construction Practice Award for 
“a paper of outstanding merit on concrete 
construction practice” to J. W. Kelly and 
B. D. Keatts for their paper in the ACI 
JOURNAL, Keb 1946, entitled “Two 
Special Methods for Restoring and 
Strengthening Masonry Structures.”” Pro- 
fessor Pickett, Mr. Wuerpel and Mr. 
Keatts accepted their awards in person 
with a few words of thanks. Raymond I. 
Davis accepted the award for Professor 
Kelly in his absence. 

Highlight of the awards was the pre- 
sentation of the Henry C. Turner Medal 
for “notable achievement or service’ to 
Morton O. Withey “in recognition of 40 
years of outstanding contributions to our 
knowledge and understanding of concrete 
and reinforced concrete.”’” In accepting 
the award, Dean Withey paid tribute to 
three women as inspiring him in his work 
his Mother; his mother-in-law, for being 
the mother of his wife and training her to 
be the helpful and inspiring wife that she 
has been; and to his wife. He added a 





Stanton Walker 
ACI President 


plea for a greater recognition of the teach- 
ing profession and higher rewards through- 
out our educational system. 


Election Address by the Retiring President, Bond, Research, Building Code 
Fourth Session, Tuesday, February 25, 2:00 P.M 


Election of Officers 

President Gonnerman called for the 
report of the tellers on the election of 
officers, Board Members and Nominating 
Committee, Charles T. Kennedy made 
the report on behalf of Hl. P. Loring and 
himself, both of Cincinnati, For President, 
Stanton Walker, Director of Engineering, 
National Ready Mixed Concrete Associa- 
tion, and National Sand & Gravel Asso- 
ciation, Washington, D.C.; Vice-President, 
Robert I. Blanks, Chief, Division of In- 
gineering and Geological Control and 
Research, U. S. Bureau of Reclamation, 
Denver, Colo, (re elected); Vice-President, 
Herbert, J. Gilkey, Head, Department of 
Theoretical and Applied Mechanics, lowa 
State College, Ames Ia.; Director First 


District, Paul W. Norton, Consulting En- 
gineer, Boston, Mass. (re-elected); Direc- 
tor Second District, Roy R. Zipprodt, Re- 
search and Consulting lngineer, Com- 
mittee on Reinforced Conerete Research, 
American [ron and Steel Institute, New 
York, N. Y. (re-elected); Director Third 
District, William H. Klein, Consultant in 
Cement Technology, Easton, Pa,; Director 
Fourth District, H. P. Bigler, Executive 
Vice-President, Connors Steel Co., Bir- 
mingham, Ala. (previously appointed to 
fill a vacaney; now elected to succeed 
himself); Director Fifth Distriet, Arthur 
J. Boase, Manager Structural Bureau, 
Portland Cement Association, Chicago, 
Ill.; Director Sixth District, Charles H. 
Scholer, Head, Department of Applied 
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Mechanics, Kansas State College, Man- 
hattan, Kans. 


Harry F. Thomson, General Material 
Co., St. Louis, Mo., was re-elected Director 
at Large, three-year term. Harvey 
Whipple was reappointed by the Board of 
Direction as Secretary-Treasurer for the 
coming year. 

Following are the five elected mem- 
bers of the 1947 Nominating Committee: 
Myron A. Swayze, Harmer E. Davis, 
Henry L. Kennedy, Harmon F. Meissner 
and Charles H. Scholer. 


President's Address 

Following the report of the Nominating 
Committee President Gonnerman intro- 
duced to the convention all new officers 
and directors present. President-Elect 
Walker presided while President Gonner- 
man gave his address as the Retiring 
President. Mr. Gonnerman’s address 
summarizing activities and recent prog- 
ress made by the Institute and outlining 
plans conceived during the year for the 
future appears in full on p. 885 of this 
JOURNAL. 


By-Laws revision 

Proposed revisions of ACI By-Laws as 
published p. 4-7 of the January News 
Letter were presented to the convention 
by Fred Van Atta, Assistant Secretary, 
and adopted. These revisions provide 
for increasing Board membership from 
18 to 19, the abolition of district directors 
and the election of 12 directors, and the 
inclusion of three instead of five Past- 
Presidents as Board members. Revisions 
also provide for increasing membership 
dues effective July 1, 1947 if the conven- 
tion action is ratified in letter ballot now 
in progress. 

Mr. Walker again assumed the chair 
for the technical session which comprised 
the remainder of the afternoon program. 


Comparative Bond Efficiency of Deformed 
Concrete Reinforcing Bars 


Arthur P. Clark presented a paper 
describing tests to determine the re- 
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sistance to slip in concrete of 17 different 
designs of deformed reinforcing bars. It 
was established that a certain group of the 
bars was definitely superior to others in 
the sense that their average rating was 
significantly higher than the average of 
the others. This paper was published in 
the ACI Journat, December, 1946, p., 
381. A discussion was read by Mr, 
Zipprodt and informal remarks were made 
by Chester L. Post and 8. J. Chamberlin. 


Bond Characteristics of Commercial and 


Prepared Reinforcing Bars 

L. E. Gregg, Associate Research En- 
gineer of the Kentucky Department of 
Highways read a paper by 8. T. Collier, 
also of the Kentucky Department of 
Highways, which outlined a study of 
the bond resistance of deformed rein- 
forcing bars as affected by the type of de- 
formations, position of anchorage and the 
consistency of the concrete in which they 
were embedded. In the discussion period 
O. W. Irwin suggested that Mr. Menzel 
of the Portland Cement Association 
comment on the bond test conducted 
in the PCA Research Laboratories. In 
addition to Mr. Menzel’s comments there 
was also discussion by A. Carl Weber. 


Some Observations on Using Theoretical 
Research 

T. C. Powers, Manager of Basic Re- 
search, Portland Cement Association, 
Chicago, who is senior author of the series 
entitled “Studies of the Physical Proper- 
ties of Hardened Portland Cement Paste” 
appearing in the ACI Journat, October 
1946-April 1947, using an example selected 
because it was suitable for oral presen- 
tation, pointed out that to be effective, 
research need not have some specific 
goal; that it can serve mankind in in- 
creasing our general knowledge of basic 
principles, and this knowledge will fre- 
quently suggest solutions which otherwise 
would not be apparent. J. C. Pearson, 
Carl Menzel and Mr. Powers all shared in 
the discussion that followed. 
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Building Code 


“Proposed Revision of Building Regu- 
lations for Reinforced Concrete’’ was pre- 
sented to the convention for adoption by 
Mr. R. R. Zipprodt, secretary of Com- 
mittee 318 acting in the absence of Chair- 
man Boase. The revisions proposed were 
adopted as published in ACI Journat, 
December, 1946, subject to further re- 
vision as adopted by Committee 318 
subsequent to publication, and approved 
by the convention as presented by F. E. 
Richart. These later amendments are: 


1. Add following sentence at the end of 
present Section 1104 (a): 


“The spacing requirements for verti- 
cal reinforcement in Section 1103 (b) 
shall also apply for all tied columns.”’ 


2. Add the following new Section 1110 
(b): 
“For tied columns which are de- 
signed to withstand combined axial 
and bending stresses, the limiting 
total steel ratio of 0.04 prescribed in 
Section 1104 may be increased to 
0.08, provided that the amount of 
steel spliced by lapping shall not ex- 
ceed a steel ratio of 0.04 in any 3-ft. 
length of column. The size of the 
column designed under this provision 
shall in no case be less than that re- 
quired to withstand axial load alone 
in accordance with Section 1104.” 
Ratification of convention action is 
now up to ACI voting members on a letter 
ballot sent out in March to be canvassed 
in late June. 


Research 


Fifth Session, Wednesday, February 26, 9:30 A.M. 


Past-President Morton O. Withey, 
Chairman ACI Committee 115, Research, 
presided at the always popular annual 
open meeting of that committee. An 
interesting session, consisting of eleven 
short, informal reports selected from 
among the items submitted by the report- 
ing laboratories to the committee, de- 
veloped. Brisk discussion enlivened the 
meeting. Attendance was about 150 
and held well until adjournment. 

The lead-off report was on the deflec- 
tions and stresses of uniformly loaded 
reinforced concrete slabs, with different 
strengths, slumps, length-depth ratios and 
curing conditions. 

The durability of concrete was the sub- 
ject of four reports. One on the effect of 
age of concrete on its resistance to scaling 
caused by using calcium chloride for ice 
removal, including concretes made from 
different types of cement, with and with- 
out air-entraining agents. Another report 
was on the effect of alkali-aggregate re- 
action on the resistance of concrete to 
alternate freezing and thawing, based on 


the investigation of the causes of disin- 
tegration observed in regions of the 
Pacific Northwest. The effect of en- 
trained air on resistance of concrete to 
freezing and thawing, including concrete 
made with questionable aggregates was 
also reported. Indieations were that con- 
crete made with questionable aggregates 
could be improved with the use of en- 
trained air. A report on some experiments 
on the corrosion resistance of concrete 
floors brought out the effect of cutting 
oils, mild alkalis, ete. Suggestions for 
improvement were included. 

A report was made on the Camera 
Lucida method of determining the amount, 
size and distribution of air voids in hard- 
ened cement pastes, mortars and con- 
cretes. The method is not rapid but gives 
very good results. 

A new method was explained for de- 
tecting internal cracks in mass concrete 
structures such as gravity dams using 
electronic equipment which has been de- 
veloped to generate and to measure the 
transmission of supersonic pulses. 
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Three of the papers were on the bond of 
reinforcing bars. It was reported that 
electric-resistance type strain gages have 
been used with complete 
laboratory tests to measure stresses in the 
steel reinforcement of beams and model 
structures. Ingenious methods for plac- 
ing and attaching the gages were ex- 
plained. One of the reports was on the 
preliminary work done on determining 
bond strengths of several types of rein- 
forcing bars in test beams, conducted in 
accordance with the provisions of the 
standard bond test as proposed by ACI 
Committee 208. 

Speakers included (alphabetically ar- 
ranged): Arthur P. Clark, W. C. Hansen, 
S. B. Helms, F. H. Jackson, J. R. Leslie, 
Douglas McHenry, Edward W. Scripture, 
Jr., George Verbeck, Stanton Walker, 
George W. Washa, and R. R. Zipprodt. 


WHO'S WHO 


Harrison F. Gonnerman 

who delivered his address (p. 885) as 
retiring President at the 43rd annual con- 
1947 
needs no introduction. He has been an 
ACI Member since 1918, is the author and 
co-author of many technical papers and 
reports, twice Wason Research Medalist 
(1929 and 1944), a member of the 
Publications Committee 1944-46, and of 
the Board of 1943 as 
Director and Vice-President prior to his 
term as President. Mr. 
Director of Research of 
Cement Association. 


R. E. Moeller and Hayden Roberts 


are the authors of “Oil Well Cementing 
Practice’ (p. 893), which was presented 
at the 43rd annual ACI convention in 
Cincinnati. 

After being graduated from the Uni- 
versity of Kansas in 1928 with a BS in 
Mining Engineering, Mr. Moeller was em- 
ployed by the Gulf Oil Corporation as 
field engineer in the Seminole, Oklahoma 
area from 1928-31, and for the next three 
operational 


success in 








vention in Cincinnati February 25, 


Direction since 
Gonnerinan is 
the Portland 


years engaged in various 
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capacities for the same company. He 
became affiliated with the Halliburton 
Oil Well Cementing Company in 1937 
where he grouting 
and soil cement projects before assuming 
the duties of his 
Assistant 


supervised various 


position as 
Mechanical 


present 
Supervisor of 
Research and Development. 

Hayden Roberts, a member of the 


Institute since 1940, received his BS 
degree from Georgetown College, 
Kentucky in 1918 and served in the 


armed forces during World War I as a 
meteorologist. During the summer of 
1920 he was connected with the National 
Bureau of Thermal 
Radiation 1920-21 
while performing graduate work served 


Standards in the 
Laboratory; and in 
as instructor of physics at North Carolina 


State College. In 1921 he became in- 


structor of high school physics and 
chemistry at Chickasha, Oklahoma. Mr. 


with the Halliburton 
Oil Well Cementing Company since 1930 
in the position of Laboratory Manager 


T. H. Chisholm 


author of, “Painting 


toberts has been 


Interior Concrete 


Surfaces: The Experience of One Organi- 
(p. 913), presented at the 43rd 


annual convention in Cincinnati, February 


zation” 


24, 1947, is Supervising Chemical Engineer 
for the Hydro-Electric Power Commission 
of Ontario. 

Mr. Chisholm received his early training 


at the Central Technical School in 
Toronto and after overseas service in 
World War I joined the structural 


materials laboratory of the Commission. 
A year later he was assigned as chemist 
on the staff of the new chemical laboratory, 
his work consisting of testing materials 
from the user’s viewpoint, in cooperation 
with the various engineering departments 
in operation and maintenance of power 
plants and properties of the Commission. 


V. L. Minear 

author of “Notes on the 
Practice of Foundation Grouting’’, p. 917, 
which was presented at the 43rd Annual 


Theory and 


a grouting 
specialist in the Office Chief of Engineers, 


Convention in Cincinnati, is 
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Washington. Mr. Minear holds a BS de- 
gree in general science from Utah State 
Agricultural College (1913) and a BS in 
civil engineering from the University of 
Wisconsin (1923). In between the college 
years there were 3 years general work and 
22 months in the army in World War I. 

Following graduation Mr. Minear was 
employed by the U. 5. Bureau of Re- 
clamation at American Falls, Idaho, on 
hydrographical investigations in reservoir 
work. In 1925 he resigned to accept 
appointment in charge of field engineering 
for the Republic of El Salvador on con- 
struction of a hydro-electric plant and 
later on the Inter-American Highway; 
but returned to the Bureau of Reclamation 
in 1932 during the construction of Boulder 
Dam. During the period 1935-39 Mr. 
Minear initiated the work and instructed 
the grouting inspectors on many dams 
the most outstanding of which were 
Owyhee, Grand Coulee, Bartlett, Parker 
and Shasta. In 1939 he was transferred 
by the government to Boulder Dam to 
supervise all operations connected with 
the supplemental grouting and drainage 
program to control seepage and uplift. 

Mr. Minear saw service in World War 
II as Captain and later Major, C. E. 
in charge of engineering investigations, 
construction and maintenance in England 
and France. Upon his return to inactive 
service he accepted an appointment with 
the Office of Inter-American Affairs as 
Assistant Director, Overland Transpor- 
tation Division; later transferring to his 
present position. He is now temporarily 
assigned for work in Venezuela at the re- 
quest of that government through the 
State Department. 


T. C. Powers and T. L. Brownyard 


are the authors of “Studies of the Physical 
Properties of Hardened Portland Cement 
Paste”’, parts 8 and 9 of which appear on 
p. 933. This concludes publication of 
the seven installments begun in the 
October JouRNAL. See p. 8 of the News 
Letter of that issue for biographical 
sketches of these authors. 





New Members 





The Board of Direction approved 79 
applications (51 Individual, 2 Corporation, 
8 Junior, 18 Students) received in 
February. 

The Membership total on March 1, 
1947, after adjustment for a few losses by 
death, resignation and for non-payment 
of dues, is 3201. 


Individual 
Angelovic, George J., 121 Park Strasse, 
Hot Springs, S. D. 
Blechschmidt, Fred E., 1935 Deador St., 
Antioch, Calif. 
syrnes, Garrett J., Corps of Engrs., P. O. 
Box 119, Fort Norfolk, Va. 
Caton, Warren D., 658 S. Sherman, 
Denver 9, Colo. 
Clark, Amos C., Baldwin Hills Building 
Material Co., 3444 Wesley St., Culver 
City, Calif. 
Cohan, Moses Daniel, 1506 University 
Ave., Bronx, N. Y. 
Cralle, Stratton B., 2124 Broadway, 
Indianapolis, Ind. 
Karle, Walter G., 10537 N. W. 2nd Ave., 
Portland 9, Ore. 
Edwards, E. Richard, P. O. Box 164 
Whitney Ave., Long Hill, Conn. 
Feddeler, Melvin E., Cemasco Floor Co., 
228 N. LaSalle St., Chicago 1, Ill. 
Fuenfgeld, Arthur, 145 W. 108rd_ St., 
New York 25, N. Y. 
Gilmore, J. Paul, 412 First National 
Bank Bldg., Montgomery 4, Ala. 
Givotovsky, V. T., Office of the Muni- 
cipal Architect, Municipal Center Bldg., 
300 Indiana Ave. N. W., Washington, 
D. C. 
Glikmann, Alexis L., 113 E. 39th St., 
New York 16, N. Y. 
Griset, Henry E., Lincoln Hall, Cornell 
University, Ithaca, N. Y. 

Hanes, Charles M., 110 W. 13th Ave., 
Denver, Colo. 

Hay, D. Cole, 1719 N. College St., South 
Bend, Ind. 
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Hoel, Alfred G., Jr., Concrete Masonry 
Corporation, Box 756, Elyria, Ohio 

Hunter, Anthony, 1610 N. Normandie 
Ave., Los Angeles 27, Calif. 

Jahr, Carl O., 2401 S. Jackson St., 
Denver 10, Colo. 

Jamieson, W. Gordon, 818—12th St., 
Denver 4, Colo. 

Kelley, John J., Colorado School of Mines, 
Golden, Colo. 

Kyriacopulos, Basil, 23 Praxiteles St., 
Athens, Greece 

LaLonde, William S., Jr., Newark College 
of Engineering, Dept. of Civil Engi- 
neering, Newark, N. J. 

Larson, Algot, B., 3837 W. Lake St., 
Chicago 24, Il. 

Leitzel, Chas. G. W., 5 W. 
New York 23, N. Y. 

Lothers, John E., 128 Admiral Road, 
Stillwater, Okla. 

Mahoney Jr., J. E., 705 Poplar St., 
Chattanooga, Tenn. 

Major, Alexander V., Visegradi-utca 12, 
Budapest, Hungary 

Niemeyer, James C., 1075 Lombard Ave., 
St. Paul 5, Minn. 
Oechsle, Elmer H., Widemer Engineering 
Co., 122 N. 7th St., St. Louis 1, Mo. 
Olson, Floyd B., Baker-Thomas Lime & 
Cement Co., P. O. Box 2410, Phoenix, 
Ariz. 

Patete, C. J., Antilles District Engineer, 
APO 851, c/o P. M., Miami, Fla. 

Peterson, Clarence R., 2516 Jones St., 
Omaha, Nebr. 

Phillips, William P., 200 Lincoln Ave., 
Hot Springs, 8. D. 

Reynolds, Louis N., Box 551, Fort Collins, 
Colo. 

Roberts, D. P., 224 Daylight Bldg., 
Knoxville, Tenn. 

Rodas, Raul Valle, Departamento de 
Carreteras, Managua, Nicaragua, C. A. 

Rowe, R. R., Manager & Chief Engineer, 
Montgomery Ward Co., Chicago 7, 
Til. 

Searight, W. H., Cataphote Corporation, 
Box 28, Station F, Toledo 10, Ohio 


63rd St., 
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Smith, Myrle E., 222 E. Calvert St., 
South Bend, Ind. 

Smith, W. D., The Denver Fire Clay Co., 
P. O. Box 5510, Denver, Colo. 

Spencer, R. A., University of Saskat- 
chewan, Saskatoon, Saskatchewan 

Sprung, Lionel, Bldg. Mat’l. Div. of 
Industrial Sales Corp., 500 5th Ave., 
New York 18, N. Y. 

Sterling, Antoine, 33 Av., Henri Dietrich, 
Bruselles 4, Belgium 

Stewart, Roy G., Box 4102, San Francisco, 
Calif. 

Stone, Charles Warren, 1410 Taylor St., 
Pasadena, Texas 

Sukias, B., 157 Shaldon Drive, Morden, 
Surrey, England 

Vaidyanathan, P. H., U. S. Bureau of 
Reclamation, New Custom House, 
Denver 2, Colo. 

Van Patten, Herbert A., 2637 S. E. 12th 
Ave., Portland, Ore. 

Woodson, Granville W., 1430 AAF Base 
Unit, APO 194—Br. Unit 2, c/o P. M., 
New York, N. Y. 

Corporation 

Dalmia Cement Ltd., Scindia House, 
New Delhi, India (N. C. Roy) 

Utah State Road Commission, State 
Capitol Bldg., Salt Lake City, Utah 
(D. F. Larsen) 


Junior 

Albin, Pedro, Jr., M. I. T., Room 1-336, 
Cambridge 39, Mass. 

Johnson, Eric, 17 Mary St., Scunthorpe, 
Lincolnshire, England 

Philleo, Robert E., 33 W. Grand Ave., 
Chicago 10, Il. 

Plaza, Carlos, Apartado 168, Caracas, 
Calle sur 17, Num. 27, El Conde, San 
Tome, Venezuela 

Quinsey, Robert G., 540 Walnut St., 
Ann Arbor, Mich. 

Smith, H. L., 3235 W. 12th Ave., Van- 
couver, B. C., Canada 

Sorensen, Harold W., 539 Helen St., 
Whittier, Calif. 

Torres, Manuel A. de, Pacific Place No. 9, 
Santurce, Puerto Rico 
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Student SS re 3 
Adame, Jaime Cantu, Isabel la Catolica Dean Peabody Jr.................. 2% 
67, Mexico D. F., Mexico E. Gonzales-Rubio................ 2 
Brown, Ben I., 717 Spring N. W., Atlanta, T.-C. Kavanagh................... 2 
Ga. I, Sy i00564 Seu cee rmeans 2 
Burbank, Colby L., Jr., Apt. F-1, Stearns A. Amirikian...................4.. 1 
Village, Medford, Mass. a ee LN os isin eo Ss ae ee 1 
Cummings, Edward M., 624 East St., William A. Cordon................. 1 
Ludlow, Mass. William E. Fett Tee Te rTUS GT CULT. 1 
Geren, Preston M., dr., P. O. Box 3170, EB. i. Fiesenheiser Dic ele in %e od kre dw mea he 1 
Georgia School of Technology, Atlanta, Pain 5. CONE, oo was sence canc sane 1 
Ga. Emil A. Gramstorff................. 1 
Horn, Harvey, 1081 Jerome Ave., New Bs Ws BENG ss csc tcrcscaccevens 1 
York 52, N. Y. Bimo ©. TOO... .. 5 6 ess cane 1 
Jacobs, Sol J., 1627 Sheridan Ave. N., Alberto Dovali LR rere e F 1 
Minneapolis z, Minn. ee 1 
Kelleghan, William, East Hall, Tufts Walter Lohrey oe 4b wet e.8 6 es eRe eee 1 
College, Medford 55, Mass. James A. McCarthy. Side wb Siedso oe oe l 
Lane, John E., 1214 E. 10th St., C. Russell Moir.................... 1 
Brooklyn 30, N. Y. Cf wk ey. Srna 1 
Liu, Pao-Hsien, 1105 W. Clark St., Amton N. Rydland................. 1 
Urbana, III. a Bhs MNOS Forks vcsis ad oS eee 1 
Moon, Robert John, 728 Parker St., John H. Swerdfeger................. 1 
Boston 20, Mass. oe rs BN Seas oS oa ceeweren 1 
Narasimhaiah, D. B., 1414 E. Inter- Stanton Walker Peay ae cain Seaton te eee 1 
national House, 59th St., Chicago 37, Frederic N. Weaver..............-. 1 


Ill. 

Neubauer, Donald J., 1206 5th St., S. E., 
Minneapolis 14, Minn. 

Recktenwald, William Raynor, 111 
Gainsborough St., Boston, Mass. 

Rizk, Riad, Massachusetts Institute of 
Technology, Cambridge 39, Mass. 

Rosenlund, Jack Earl, 25 Seymour Ave. 
8. E., Minneapolis 14, Minn. 

Topractsoglou, Tony, 1412 6th St. S. E., 
Minneapolis, Minn. 

Veldon, Charles A., 159 4th Ave., East 
Orange, N. J. 





Honor Roll 


February 1 to 28, 1947 





For the month of February, which 
marks the beginning of our Honor Roll 
for 1947, we find Prof. C. A. Hughes and 
Henry L. Kennedy tied for first place 
with credit for 4 members each. 


ines ooh bn bia ences 4 
Henry L. Kennedy................. 4 
ee 3% 


aE 6 3 


The following credits are, in each 
instance, ‘‘50-50” with another Member. 


Jose Luis Capacete 
Aloysius E. Cooke 
Rudolf Fischl 

P. J. Freeman 

H. F. Gonnerman 
Ernst Gruenwald T. Thorvaldson 
Frank H. Jackson A. G. Timms 

M. E. James I. L. Tyler 

Raul Lucchetti Charles A. Vollick 
Harmon 8. Meissner Arthur J. Widmer 
Oliver H. Millikan G. M. Williams 
Calvin C. Oleson George Winter 


Henry A. Pfisterer 
James A, Polychrone 
Walter F. Rasp 

toss M. Riegel 

H. H. Scofield 


Karl P. Billner to be honored 


Karl P. Billner, president of Vacuum 
Concrete, Inc. of Philadelphia will be a- 
warded the Frank P. Brown medal of The 
Franklin Institute, April 16 “in considera- 
tion of his invention of a practical process 
for treating concrete, together with the 
development of suitable equipment where- 
by the qualities of the concrete are im- 
proved and the elapsed time of construc- 
tion is reduced.” 

Mr. Billner has been an ACI Member 
since 1936. He is senior author of a paper 
entitled ‘‘Precast Concrete Houses” by 
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K. P. Billner and Bert M. Thorud, pre- 
sented at the 1947 convention in Cin- 
cinnati by Mr. Thorud; and co-author 
with Roy W. Carlson of ‘Electric Pre- 
stressing of Reinforcing Steel,’ ACI 
JouRNAL, June 1943, Proc. v. 39, p. 585. 


Univ. of Ill. sees reduction in rein- 
forcing steel in highway bridge floors 

Findings recently announced by the 
University of Illinois indicate savings as 
great as 30 percent in the amount of rein- 
forcing steel required for concrete high- 
way bridge floors on designs developed by 
the University’s Departments of Civil En- 
gineering and Theoretical and Applied 
Mechanics. They are destined to be of 
world-wide interest. 

Professors Frank E. Richart and N. M. 
Newmark (ACI Members) who have been 
directing the concrete slab investigation 
at the University since the cooperative 
project was launched in 1936, point out 
that this economy in steel may be highly 
important in current rebuilding programs 

particularly in foreign countries where 
steel is scarce. Participating in the study 
has been C. P. (ACI Member) 
special research assistant professor. 


Seiss 


In cooperation with the IHlinois Division 


of Highways and the United States 
Public Road Administration, the U. of I. 
Engineering Experiment Station has 


studied exhaustively two types of high- 
way bridges, the slab bridge and the I- 
beam bridge. 

Results show that vehicle loads are 
better distributed than has been indicated 
previously. As a result, research workers 
have been changing the manner of rein- 
forcement—adding steel where the stress 
is greatest and using less where the need 
is less. Not only has there been a saving 
in steel and a reduction in the required 
depth of concrete flooring, but the new 
designs have greater safety. 

The highway bridge floor research has 
extended from the first tests in 1936, when 
rectangular slabs with concentrated loads 
and various conditions of support were 


used, to the recent work on continuous 
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bridges of two spans having parallel 
stringer beams of steel with concrete 


floor on top. 

One relatively new development, com- 
posite construction, involves a design 
providing for rigid connection between 
the concrete slab which forms the road- 
way of the bridge and the steel I-beams 
on which the slab rests. The design not 
only permits use of a lighter beam than 
ordinarily employed, but it also enables 
builders to obtain greater stiffness in 
bridge structures. 

Research procedure at the U. of I. in- 
volves first a mathematical solution to a 
problem in design. These findings are 
compared with field experience and ob- 
servations, and then are tested in large 
scale models of bridges in the laboratory, 
the results being analyzed and compared 
If the 


analyses and the tests agree, then it is 


with the mathematical findings. 


possible to predict what would happen 
to bridges in actual use under varying 
conditions. 
Mathematical 
design procedures for I-beam and _ slab 


formulas for the new 
bridges were developed by Dr. Newmark, 
assisted by Dr. V. P. Jensen, a former 
member of the research staff. 

In the first 10 years of research on the 
concrete bridge floor project, laboratory 
tests have been made on 36 scale-model 
bridges, ranging in length from five to 30 
feet and on more than 200 smaller test 
reinforced 


specimens consisting of con- 


crete or mortar slabs, composite T-beams, 
and shear connector specimen. 

Other work has involved tests on bridges 
consisting only of concrete slab floors and 
concrete curbs. Simplification and econ- 
omy of design of such bridges is achieved 
by following rules developed as a result of 
numerous research projects in Talbot Lab- 
oratory. For example, in skew bridges 
great’ savings in steel requirements are 
possible if the main reinforcement fol- 
lows the path of greatest stress between 
the bridge piers. Extensive tests have 
indicated that bottom layers of reinforce- 
ment may be reduced as much as one-half 


without loss of efficiency. 
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General Portland Cement Co. 
formed by consolidation of three 
southern cement companies 

As a result of favorable action at stock- 
holders’ 
Florida Portland Cement Company, Sig- 


meetings, the consolidation of 
nal Mountain Portland Cement Company 
and Trinity Portland Cement Company 
(all ACI Members) to form General Port- 
land Cement Company with headquarters 
at Chicago, Illinois, was announced by 
Smith W. Storey, president of the new 
company, at the conclusion of the first 
meeting of its directors on Wednesday, 
February 19, 1947. 

General Portland Cement Company be- 
comes one of the largest cement producer: 
in the South owning and operating five 
cement manufacturing plants located at 
Tampa, Florida; Chattanooga, Tennessee; 
Houston, Fort Worth and Dallas, Texas. 
These plants ship their products princi- 
pally throughout the southern states with 
Houston and Tampa in position to serve 
the export market. The company manu- 
factures and distributes a wide range of 
cements including, in addition to gray 


portland cements, white cements, high 
early strength cements, masonry cements 
and oil well cements. 

Officers of the constituent divisions of 
the General Portland Cement Company 
are: Frank M. Traynor, Vice President, 
Florida Portland Cement Division, Tampa, 
Fla.; L. Hardwick Caldwell, Vice 
dent, I. F. Director of 


Signal Mountain Portland Cement 


Presi- 
Sisson, Sales, 
Divi- 
sion, Chattanooga, Tenn.; J. F. Hayden, 
Vice President, Trinity Portland Cement 
Division, Dallas, Tex.; Paul F. Keatinge, 
White 
Trinity Portland Cement Division, Chica- 
go, Ill. 


Manager, Cement Department, 





They Registered at 43rd Annual 
ACI Convention 


Asterisks (*) denotes ACI Members 





*ALEXANDER, J. B., 
Osborn, Ohio 

Aten, C. W., Ohio Highway Dept., 101 N. High 
St., Columbus, 15, Ohio 


Southwestern Cement Co., 


Auten, H. J., U.S. Engineers, 1525 W. Eighth St., 
Cincinnati, Ohio 

*AMIRIKIAN, A., Bur. of Y. & D. 
Washington, D. C. 

*AmMMON, Wm., Jr., Dawson-Evans Construction 
Co., 5300 Vine St., Cincinnati 17, Ohio 

AnpereEaG, F. O., Pierce Foundation, Saritan, 


Navy Dept., 


*ANDERSON, FREDERICK G., 
Denver, Colo. 

AreN, ArMIN, City of Cincinnati, 320 City Hall, 
Cincinnati, Ohio 

*Avery, Wituiam M., Pit & Quarry Publications, 
538 S. Clark St., Chicago, Ill. 

*Avnit, Artuour C., Sackrete, Inc., 
B. & O. R. R., Cincinnati,, Ohio 

*Baxer, C. J., Internat’l Contracting & Eng. Co., 
99 Vanderhoof Ave. Seaside, Ontario, Canada 

*Baknoum, Micner, University of Illinois, 201 
Engineering Hall, Urbana, Ill 

*BarBEE, J. F., Ohio Sta Hdwy. Dept., Ohio 
State University, Columbus, Ohio 

*BARBEHENN, Raupu L., Johns-Manville, Manville, 


1035 Monaco Pkwy., 


Apple St. 


Barnetr, Ronerr E., Ohio River Divn. Labs., 


Mariemont, Ohio 


BarteEL, Frep F., National Sand & Gravel 
Association, 955 Munsey Bldg., Washington 4, 
DD, & 


*BAt MAN, Ik. W., Nat'l Slag Assn., Washington, 
es < 

Besco, Frep E., 
mouth, Ohio 

*BicLerR, H. P., 


Superior Cement Corp., Ports- 


Connors Steel Co., Birmingham, 


Ala. 

*Bittner, K. P., 4210 Sansom St., Philadelphia, 
Pa. 

*Birrerman, J. A., Ky. Dept. of Highways, Frank- 
fort, Ky. 


*BLANKS, R. F., Bur. of Reclamation, Denver, Colo. 


s{LomM, Detmar L., National Ready Mixed 
Concrete Ass'n., Munsey Bldg., Washington, 
D. C. ; 

BoHANNAN, R. C Jaeger Machine Co., W. 
Spring St., Columbus, Ohio 

joNE, Evan P., Ohio Div. Laboratory, U. 8. 
Engineers, 1163 Beverly Hills Drive, Cincinnati, 


Ohio 
sowMAN, James I, U. S. Engineers, Wolf Creek 
Dam, Jamestown, Ky. 
*Braccer, BE. Y., Cement Marketing Co., Ltd., 
London, England, Shawomet, R 
BRANDVOLD, Wm., Universal Atlas Cement Co., 
suffington Station, Gary, Ind. 
Brickerr, Epwarp M., Dewey & 
Cambridge, Mass 
Bryan, F. E., Mall Tool Co., 
Ave., Chicago, Ill. 
Burerrner, Ronert, W. Ray Yount, 419 Third 
National, Dayton, Ohio 
*Burocer, A. A., Hauens & Emerson, 526 Superior 
Ave., Cleveland 14, Ohio 
*Burks, 8. D., U. 8S. Engineer Dept., 
Calif 
suTTeERWORTH, A. §S., General 
Laurel St., St. Louis, Mo. 
CALLAN, Mason J. P., U.S. Army, t 
Cincinnati, Ohio 
“AMPBELL, Louis, U. 8S 
Dam, Jamestown, Ky. 
“AMPBELL, 8. A., Eastman Kodak Co., Rochester, 
N. Y. 
“AMPBELL, W. E., 
nd, 
‘“ARLSON, Wiipur A., J. H. Herron Co., 1360 
W. 3rd St., Cleveland 13, Ohio 
‘arr, J. Rotanp, McGraw-Hill Publishing Co., 
520 N. Michigan Ave., Chicago, Ill 
‘Anson, JuuIAN B., Richter Concrete Corp., 
575 Reading Rd., Cincinnati, Ohio 
‘HAMBERLIN, 8S. J., Lowa State College, 
Iowa ; 
‘MATTERJER, Panesn Natu, University of Illinois, 
Urbana, Ill 
‘nuns, J. H., Penn-Dixie Cement Corp., 60 E, 
42nd St., New York, N. Y. 


Almy Co., 


7740 8. Chicago 


Sacramento, 
Material, 324 


S. Engineers, 


—_ 


engineers, W olf Creek 


+ 


~ 


* 
~ 


319 8S. 12th St., New Castle, 


* 
~ 


_ 


+ 
— 


* Ames, 


a 


+ 
—_ 


* 


— 
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*Ciark, ArtuurR P., American Iron & Steel Insti- 
tute, 3508 Woodley Road, Washington, D. C. 
Cxiasson, Frep W., Building Officials of Mich., 

Bldg. Inspector & Pres., City Hall, Wyandotte, 
ich. 
ee. H. F., District Bldg., Washington, 
*CLepPER, FRANK L., Samuel Hannaford & Sons, 
1024 Dixie Terminal Bldg., Cincinnati, Ohio 
a, Maurice, 4117 Park Ave., Indianapolis 

, Ind. 

*Corr, Leo, 198 Broadway, New York, N. Y. 

Co.eman, Howarp A., Missouri Portland Cement 
Co., 3615 Olive, St. Louis, Mo. 

*CoLEeMAN, J. M., Universal Atlas Cement Co., 
1120 Grant Bldg., P ittsburgh, Pa. 

Cong, V. M., U. 8S. Engineers, Nashville, Tenn. 

*Cook, Herpert K., U. 8. Waterways Experiment 
Station, Concrete Research Division, Clinton, 
Miss. 

*CorELAND, R. E., National Concrete Masonry 
Ass’n., 38 So. Dearborn St., Chicago, 

*Corsetra, Lovis ay Cc ‘orbetta Constr. Co., Inc., 
220 E. 42nd St., 


*CRALLE, handy B., Ready-Mixed Concrete 
Co., Inc., 1100 Burdsal Pkwy., Indianapolis, 
nd. 

*Creskorr, Jacosp J., Vacuum Snen, Ine., 
4200 Sansom St., Philadelphia, Pa. 

*Crirzas, E. J., Borsari Tank Corp., 25 Broad St., 


New York City, N. 

*Crum, R. W., Highway Research Magen, 2101 
Constitution Ave., Washington, D. 

*Crrsiter, R. A., Canada Cement c Oo.» Ltd. 
Toronto, Ont. 

*Cummins, E. W., State Highway Dept., 
& Research Lab., Columbus, Ohio 

Davis, Paut G., The Master Builders Co., 7016 
Euclid Ave., Cleveland, Ohio 

*Davis, Raymond E., Univ. of California, Berke- 
ley, Calif. 

*DeLaney, W. W., 
ton, Dei. 

*De.LzeELL, Harry, Concrete 
Inst., 228 N. LaSalle St., 

De Revs, M. E., 
Berlin, N. J. 

Derzet, Geo. E., Geo. E. Detzel Co., 2303 
Gilbert Ave., Cincinnati, Ohio 

Dickinson, Wma. E., Calcium Chloride Association, 
wal Connec tic we Ave. N. W., Washington, 


Testing 


Hercules Powder Co., Wilming- 


Reinforcing Steel 
Chicago 1, 
Owens Illinois Glass Co., 


*D1 Srasio, Josern. J. Di ane & Co., 136 
Liberty St., New York, N. 

Dv VALL, BELMON U., Corps - Engineers, Ohio 
River Div., 5851 Mariemont Ave., Cincinnati, 
Ohio 

*Eppy, Parker, Perkins-Eaton Machinery Co., 
376 Dorchester Ave., So. Boston, Mass. 

*Enpriss, Rauteu J., Du Pont Co., 11502 Nemours 
Bldg., Wilmington, Del. 

*FARLEY, A. V., Steel Go. of Canada, Hamilton 
Ont., Canada 

FASNACHT, Newtson G., U. S. 

Orchard Dr., Cineinnati, Ohio. 
*FeLLABAUM, Jess, Master Builders Co., 416 
Garden Road, Columbus 2, Ohio 
*Fercuson, Puit M., Univ. of Texas, Austin, Tex. 
FERRER, Jose, Concretera Nacional, Palatino 202, 
Havana, Cuba 

*Ferr, Witu1am E., Sollett Constr. 
Bend, Ind. 

*FisupurNn, Cyrus, National Bureau of Standards, 
424 Shephard St., Chevy Chase 15, Md. 
Fiounpers, J. M., B. F. Goodrich Co., 
Main St., Akron, Ohio 

*Forsricn, L. R., Pittsburgh Coke & Chemical Co. 
Pittsburgh, Pa. 

*Fox, J. J., Glens Falls Portland Cement Co., 
8 Wait St., Glens Falls, N. 

Frank, A. J., ag Belt Co., 
Milwaukee, W ‘is. 

*FrucuTpauM, J., Reecon Co., 
Buffalo, N. 

FURLONG, Wray C., Hawkeye Cement Co., 802 

Hubbell Bldg., Des Moines, Iowa 


Engineers, 6039 


Co., South 


500 8. 


1600 W. Bruce 8t., 


615 Jackson Bldg., 
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Giupert, J. R., 
Washington, D. C. 

*GILBE ot James K., 33 8S. Potomac St., 
24, 

*GIL — “iL. J., lowa State College, Ames, Iowa 

Givtmore, R. W. . B. & O. R. R., 600 Temple Bar 
Bldg., Cincinnati, Ohio 

*Go.pBeEck, A. T., National Crushed Stone Assn., 
1735 14th St., Washington, D. C. 

*Gomren, RANDALL, Randy Construction Co., 
5401 Hetzel Ave., Cincinnati, Ohio 

*GONNERMAN, H. F., Portland Cement Association, 
33 W. Grand Ave., Chicago 10, Ill. 

*GouptE, M. F., Concretera Nacional, Palatino 202, 
Havana, Cuba 

*Gray, C. ‘‘Dotiy”’, Ready Mixed Concrete Corp., 
1100 Burdsal I Parkway, Indianapolis, Ind. 

GrayMan, Rospert, Ohio River Div., Corps of 
Engineers, Box 1159, Cincinnati 1, Ohio 

*Greca, L. E., Ky. Dept. of Highways, 132 
Graham Avenue, Lexington 29, Ky. 

*Grinter, L. E., Illinois Institute of Technology, 
3300 Federal St., Chicago, 

*GRUENWALD, Ernst, Lone Star C 7 Corp., 
342 Madison Ave., New York 17, N. Y. 

*HANsEN, W. C., Universal Atlas Cement Co., 
Buffington Station, Gary, Ind. 

Harpvina, E. C., Edw. C. Harding Co., 
Star Tower, Cincinnati, Ohio 

*Harpinc, Georce N., War Dept., 
Engineers, Mountain Home, Ark. 

*Harpo.p, A. E., Bessemer Limestone & Cement 
Co., 925 F rick Bldg., Pittsburgh, Pa. 

*HASSE, oO. C. , Monarch Cement Co., Humboldt, 
Kans. 
Hausman, James S., The Hausman Steel Co., 
P. O. Box 416, Toledo, Ohio 
Hay, D. C., Kuert Concrete Inc., 
South Bend, Ind. 

Hayes, H. B., Laurel Cast Stone Co., 
Anthony Wayne Ave., Cincinnati, Ohio 

*Hesoitp, Dents, DuPont Co., 11502 Nemours 
Bldg., Wilmingron, Del. 

Heater, Paul, Universal Atlas Cement Co., 32 
N. Main St., Dayton, Ohio 

Hews, S. B., Lehigh Portland Cement Co., 1725 
W. North St., Bethlehem, Pa. 

*Henson, H. L., Peerless Cement Corp., 1144 
Free Press Bldg., Detroit, Mich. 

Hitxemeter, Louis G., Chain Belt Co., 
53rd St., Milwaukee, Wis. 

*HinpMaAN, R. B., Lehigh Portland Cement Co., 
4485 Marcy Lane No. 214, Indianapolis, Ind. 
*Horniprook, F. B., Master Builders Co., 6511 

Morgan Ave., C level: and, Ohio 
Howe .t, H. K., U. S. Army, lowa State College, 
Ames, lowa 
*Hupparp, Frep, Standard Slag Co., 
Bank Bldg., Youngstown, Ohio 
*Hupparv, Lewis R., Cleveland Builders Sup., 
1105 E. 40th St., C ieveland, Ohio 
Hucxapy, Toomas L., U. 8S. Corps of Eng., 
Federal Bldg., Cincinnati, Ohio 
Humpnurey, LAwrence B., Cataphote Corp., 958 
Wall St., Toledo, Ohio 
Inovye, Writnam Y., Owens Illinois Glass Co., 
Berlin, N. J. 
Irnmscuer, WaAutace G., Peerless Cement Corp., 
1144 Free Press Bldg., Detroit 26, Mich. 


S. Engineers, Building (T-47) 


Baltimore 


Times 


Corps of 


3113 L. W. W., 


7706 


3201 8. 


1200 City 


*Irwin, O. W., Rail Steel Bar Assn., 38 So. 
Dearborn, Chicago, Ill. 

*Jackson, FRANK H., Public Roads Adm., 
Washington, D. C. 

*Jacons, W. H., Rail Steel Bar Assn., 38 So. 


Dearborn, Chicago, Il 

Jepestan, N. H., Corps of Engineers, O. R. D. 
Laboratories, Cincinnati 27, Ohio 

Jenkinson, Ronert B., Bluestone Reservoir 
Project, Corps of Engineers, Hinton, W. Va. 

Jones, Artuur C., American Steel & Wire Co., 
1503 Union Trust Bldg., Cincinnati, Ohio 

*Jones, Arvon, City of Des Moines, City Hall, 
Des Moines, lowa 

*Keratrs, B. D., Intrusion-Prepakt, Inc., 1978 
Union Commerce Bldg., Cleveland, Ohio 





ii} 


2 


7 


4 


all, 
178 
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*Ketty, Tuomas M., N: —- Bureau of 
Standards, Washington 25, D, 

*Kennepy, Cuas. T., Ferro Concre -% Constr. Co., 
3rd & Elm Sts., Cincinnati, Ohio 

Krneman, W. W., Maxen Cons. Co., Dumpcrete 
Div., 131 N. Ludlow, Dayton, O. 

*Kisrner, Amor E., Joseph T. Ryerson & Son, 
Inc., Cincinnati, Ohio 

*Kier, W. H., Pennsylvania-Dixie Cement Corp., 
1427 Northampton St., Easton, Pa. 

ace, M. B., Eastman Kodak Co., Rochester, 


Knarr, Ropert E., Lone Star Se Corp., 
342 Madison Ave., New York, 

*Knicut, LANE, The Master Builders Co. Ltd., 
Toronto, Ont., Can. 

*Kouinsk1, M. C. on eg! 2 oncrete Co., 344 E. 
Stewart St., Milwaukee, Vis. 

*Krvecer, Artuur, 3734 a Hgts. Dr., 
Cincinnati, Ohio 

*Kurrz, Henry J., Ohio River Div. Laboratories 
Mariemont, Ohio 

*Larce, Georce E., Ohio State University, 
Columbus, Ohio 

Larson, Epwarp, Larson, White & Hunt, 830 
Main Street, Cincinnati 2, Ohio 

*LaRsON, Epwarp W. Jr., 500 Eastern Street, 
New Haven, Conn. 

Lawter, L. F., Peerless Cement Corp., 1144 
Free Press Bldg., Detroit, Mich. 

Lesur, J. R., Hydro Electric Power Comm., 
Toronto, Ont. 

Liccetr, A. F., Hilltop Bldg. Mtls., Ine., 
Cincinnati, Ohio 

*Limpacu, Witton G., Southwestern Portland 
Cement Co., Osborn, Ohio 

*Linpu, R. T., Twin City Ready Mix Concrete Co., 
2840 Aldrich S., Minneapolis, Minn. 

*Linpsay, G. L., ntvorest Atlas Cement Co., 
135 E, 42nd St., N. Y. 

Line, Cuas. J., yr edt ‘Cement C orp., 1144 
Free Press Bldg., Detroit 26, Mich. 

*LockHarpT, Wo. F., Ransome Machinery Co, 
Dunellen, N. J. 

Lorine, ALsert D., Ferro Concrete Constr. Co., 
203 West 3rd Street, Cincinnati, Ohio 

Lovett, FRANK L., Louisville Cement Co., 315 
Guthrie St., Louisville, Ky. 

*MANSFIELD, GreorGeE A., Huron I Port and Cement 
Co., 1325 Ford Bldg... Detroit, Mich. 

*Mason, Roscoe J., The Detroit Edison Co., 2000 
Second Ave., Detroit, Mich, 

*Maxon, GLenway, 757 N. Water St., Milwaukee, 


Wis. 

*McCati, H. C., Concrete Engineering Serv., 25 
Berkeley Place, Columbus 1, Ohio 

*McCarrny, James A., University of Notre Dame, 
Notre Dame, Ind. 

*McCarrty, Irvina J., McCarty Bros. Inc., 1846 
Washington Blvd., Chicago, Il 

McConnett, Georce D., Corps of Engrs., 
Federal Bldg., Cincinnati, Ohio 

*McCorkINDALg, D. E. S. Martin Construc- 
tion, 16 Saulter St., Toronto, Ont. 

*McCoy, Water J., Lehigh Portland Cement, 
717 5th St., Catasauqua, Pa. 

McGavren, S., A., City of Cincinnati, Room 320, 
City Hall, Cincinnati, Ohio 

*McHenry, Dovatas, Bureau of Reclamation, 
Denver, Colo. 

*McKi.titop, Davin, Detroit Edison Co., 2000 
2nd Ave., Detroit, Mich. 

*McMiian, F. R., Portland Cement Association, 
33 W. Grand Ave., Chicago, 

*Me.ior, Donatp M., West Virginia Pulp & 
Paper Co., P iedmont, W. Va. 

*MENEFEE, N., University of Michigan, 6 
Geddes Heights, Ann Arbor, Mich. 
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REINFORCED CONCRETE COLUMNS 
UNDER COMBINED COMPRESSION 
AND BENDING..........-2eeeeeee+ 43-1 
HAROLD E. WESSMAN—Sept. 1946, pp. 1-8 (V. 43) 


Algebraic methods available heretofore for the analysis 
of the reinforced concrete column subject to combin 

compression and bending have usually involved the solu- 
tion of a complex cubic equation and have taken con- 
siderable time when applied to particular problems. A 
new method of successive approximations converging 
rapidly to an exact answer and avoiding the use of the 
cubic equation is presented in this paper. The key to the 
method is the reciprocal relationship existing between 
the load axis and the neutral axis of the transformed sec- 
tion. The method may be applied to any shape of cross 
section and any arrangement of reinforcing steel, provid- 
ing there is one axis of sy! and the plane of bending 
coincides with this axis. The theory behind the method is 
presented and illustrated with three typical problems. 


EFFECT OF MOISTURE ON THERMAL 
CONDUCTIVITY OF LIMEROCK 
CONCRETE... .cccccccccccccccccccccs 4392 
MACK TYNER—Sept. 1946, pp. 9-20 (V. 43) 


The coefficient of thermal conductivity, k, of limerock con- 
crete is a function of temperature, composition and density 
or moisture content. No attempt has been made to 
measure the effect of temperature on Holding the 
temperature reasonably constant, the effect of composi- 
tion on k has been measured for two limerock concrete 
mixes (1:5 and 1:7 by volume). The 1:5 mix has a k that 
is 10 per cent larger than the k for the 1:7 mix. 
With the temperature and composition held constant, 
the effect of moisture on k for the 1:5 and 1:7 mixes has 
measured. The moisture content has a very profound 
effect on k, e.g. increases of moisture from zero to 5 per 
cent increases the k of 1:5 mix by 23 per cent and from 
zero to 10 per cent increases the k by 46 per cent. Con- 
cretes should be kept dry if their maximum heat insulation 
effect is desired. 


CEMENT INVESTIGATIONS FOR 
ULDER DAM—RESULTS OF 

TESTS ON MORTARS UP TO AGE 
OF 10 TE <0, cccehecesadnaser 43-3 
RAYMOND E. DAVIS, WILSON C. HANNA and 
ELWOOD H. BROWN—Sept. 1946, pp. 21-48 (V. 43) 
The effects of composition and fineness of the laboratory 
cements employed in cement investigations for Boulder 

M upon strength, volume changes, and sulfate resistance 
of mortars, are reported for ages up to 10 years. For both 
wet and dry storage conditions, factors for each of sev- 
eral ages are given which indicate the contribution of 
each of the four major compounds present in portland 
we to tensile and compressive strengths and volume 

nges. 


*xANALYSIS AND DESIGN OF ELE- 
MENTARY PRESTRESSED CONCRETE 
HERMAN SCHORER—Sept. 1946, pp. 49-88 (Vol. 43) 


The purpose of this paper is to outline the analysis and 
design of elementary prestressed concrete members, such 


external axial forces and bending moments. The internal 
stresses, caused by the action of the prestress forces, are 
combined with the stresses due to external loads in three 
typical loading stages. The first stage considers the stress 
condition resulting from the simultaneous application of all 
sustained loads. The second stage determines the stress 
changes due to normal live loads, based on a truly mono- 
lithic participation of the entire concrete area. the third 
stage assumes a cracked tension zone, which condition 
introduces the derivation of ultimate stresses and clarifies 
the influence of the prestress action on the type of failure. 
The analytical expressions are simplified by means of 
convenient ratios, which essentially define the sectional 
shape, the effective steel prestress, and the concrete fiber 
stresses. Numerical examples serve to illustrate the various 
steps. 


*STUDIES OF THE PHYSICAL 
PROPERTIES OF HARDENED PORT- 
LAND CEMENT PASTE 
(Part 1) Price 50 cents.........+00++++43-50 
(Part 2 and appendix) Price 75 cents...43-5b6 
(Part 3) Price 50 cents.......cceeee -- -43-5¢ 
(Part 4, appendix to parts 3 and 4) Price 
EE ECC eee 
(Part 5) Price 50 cents......ecccccceec43-5€ 
(Parts 6 and 7) Price 50 cents .........43-5f 
(Parts 8 and 9) Price 60 cents ......... 43-5g 


T. C. POWERS and T. L. BROWNYARD—Oct. 1946, pp. 
101-132, Nov. 1946, pp. 249-336, Dec. 1946, pp. 469- 
504, Jan. 1947, pp. 549-604, Feb. 1947, pp. 669-712, 
Mar. 1947, pp. 845-880, April 1947, pp. 933-992 (V. 43) 


IN NINE PARTS 


Part 1. A Review of Methods That Have Been Used for 
Studying the Physical Properties of Hardened 
Portland Cement Paste 

Part 2. Studies of Water Fixation 
Appendix to Part 2 

Part 3. Theoretical Interpretation of Adsorption Data 

Part 4. The Thermodynamics of Adsorption 
Appendix to Parts 3 and 4 

Part 5. Studies of the Hardened Paste by Means of 
Specific-Volume Measurements 

Part 6. Relation of Physical Characteristics of the Paste 
to Compressive Strength 

Part 7. Permeability and Absorptivity 

Part 8. The Freezing of Water in Hardened Portland 
Cement Paste 

Part 9. General Summary of Findings on the Properties of 
Hardened Portland Cement Paste 


This paper deals mainly with data on water fixation in 
hardened portland cement paste, the properties of evapor- 
able water, the density of the solid substance, and the 
porosity of the paste as a whole. The studies of the 
evaporable water include water-vapor-adsorption charac- 
teristics and the thermodynamics of adsorption. The dis- 
cussions include the following topics: 


1. Theoretical interpretation of adsorption data 
2. The specific surface of hardened portland cement 
paste 
3. Minimum porosity of hardened paste 
4. Relative amounts of gel-water and capillary water 
5. The thermodynamics of adsorption 
6. The energy of binding of water in hardened paste 
7. Swelling pressure 
8. Mechanism of shrinking and swelling 
9. Capillary-flow and moisture diffusion 
10. Estimation of absolute volume of solid phase in 
hardened paste 
11. Specific volumes of evaporable and non-evaporable 
water 
12. Computation of volume of solid phase in hardened 
paste 
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13. Limit of hydration of portend cement 

14. Relation of physical characteristics of paste to 
compressive strength 

15. Permeability and absorptivity 

16. Freezing of water in hardened portland cement 
paste 


%& MINIMUM STANDARD REQUIRE- 
MENTS FOR PRECAST CONCRETE 
FLOOR UNITS ........-+---eeee0++ 43-6 


REPORTED BY ACI COMMITTEE 711—Oct. 1946, pp. 
133-148 (V. 43) In special covers 

Supersedes 40-17, 42-11. 

These minimum standard requirements are to be used as 
supplements to the ACI “Building Regulations for Rein- 
forced Concrete” (ACI 318-41). With respect to design 
for strength, i. e., for bending moment, bond and shear 
stresses, all types shall be designed in accord with standard 
reinforced design theory and ACI 318-41. With respect 
to cover, there is in some cases departure therefrom 
justified the greater refinement in the finished product 
when made by factory methods with factory control. Pre- 
cast floor systems with |-beam type and hollow core type 
joists are covered. Appendix contains applicable sec- 
tions of the ACI code (ACI 318-41). This report, origi- 
nally published in Feb. 1944 Journal, has been revised by 
the committee and adopted by the Institute as an ACI 
Standard, Aug. 1946. The committee consists of F. N. 
Menefee, Chairman, Warren A. Coolidge, R. E. Copeland, 
Clifford G. Dunnells, H. B. Hemb, Harve Kilmer, Glenn 
Murphy, Gayle B. Price, John Strandberg, J. W. Warren, 
Roy R. Zipprodt. 


#eRECOMMENDED PRACTICE FOR 
THE CONSTRUCTION OF CONCRETE 
FARM SILOS .....-seeeeeeeeeecees 43-7 


REPORTED BY ACI COMMITTEE 714—Oct. 1946, pp. 
149-164 (V. 43) In special covers 


Supersedes 40-10, 42-12. 


These recommendations describe practice for use in the 
design and construction of concrete silos—stave, block 
and monolithic, for the storage of grass or corn silage. 
The report is the work of the committee consisting of 
William W. Gurney, Chairman, J. W. Bartlett, Walter 
Brassert, Claude Douthett, Harry B. Emerson, William G. 
Kaiser, R. A. Lawrence, G. L. Lindsay, J. W. McCalmont, 
Dalton G. Miller, C. C. Mitchell, K. W. Paxton, B. M. 
Radcliffe, Charles F. Rogers, Stanley Witzel. It was 
adopted by the Institute as an ACI Standard Aug. 1946. 


THE DURABILITY OF CONCRETE IN 
SERVICE 


F. H. JACKSON—Oct. 1946, pp. 165-180 (V. 43) 


This paper discusses the problem of concrete durability 
with reference primarily to highway bridge structures 
located in regions subject to severe frost action. Four 
major types of deterioration are defined and illustrated 
and several specific matters which have bearing on the 
problem, including the effect of construction variables 
modern vs. old fashioned cements, air entrainment an 
the so-called “‘cement-alkali’’ aggregate reaction, are 
discussed. The report concludes with a series of 
recommendations indicating certain corrective measures 
which should be taken. 


WEAR RESISTANCE TESTS ON CON- 
CRETE FLOORS AND METHODS 
OF DUST PREVENTION .......+--- 43-9 


GEORG WASTLUND and ANDERS ERIKSSON—Oct. 
1946, pp. 181-200 (V. 43) 


This paper presents a description of tests made on con. 
crete floor specimens of various types in order to determine 
their resistance to wear and to investigate the character 
of deterioration of concrete floor surfaces due to traffic. 
The results of these tests show that concrete floors pro- 
vided with finish courses containing coarse aggregate up 
to about % inch in size and an excess of pea gravel are 
definitely superior to concrete floors with a finish course 


‘Brook in Scr&anton, Pa. are described 
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containing fine sand only which are common in Sweden 
at the present time. Moreover, this investigation has 
helped to elucidate the causes of the often very severe 
and detrimental dusting of concrete floors. The surface 
skin of concrete floors is of poor quality and is easily 
abraded. Dusting can be considerably reduced if the 
poor surface skin is removed by machine grinding provided 
that the concrete below the surface skin is of first-rate 
quality, The paper concludes by proposing a detailed 
tentative specification for concrete floor finish which 
differs in essentials from current Swedish practice. 


*&LINING OF THE ALVA B. 
ADAMS TUNNEL........... 000000 43-10 
— J. WILLSON—Nov. 1946, pp. 209-240 cy, 


The 13.03 mile Alva B. Adams Tunnel, excavated under 
the Continental Divide, as a part of the transmountain 
water diversion plan of the Colorado-Big Thompson Pro. 
ject, United States Department of the Interior, Bureau of 
Reclamation, is now lined with concrete. Lining equip. 
ment and methods and aggregate process!ng are de. 
scribed 


REPAIRS TO SPRUCE STREET 
BRIDGE, SCRANTON, PENNA......43-11 
A BURTON COHEN—Nov. 1946, pp. 241-248 (V, 43) 


Repairs and reinforcements of the Spruce Street Bridge 
built in 1893 over the Lackawanna Railroad and Roaring 
The effective 
application of the “Alpha System-Composite Floor De. 
sign’’ reinforced the floor system at the same time a new 
concrete floor slab was laid. Conctete prices are in 
cluded and eleven illustrations supplement the text of the 
paper. 


THE STRUCTURAL EFFECTIVENESS 
OF PROTECTIVE SHELLS ON REIN- 
FORCED CONCRETE COLUMNS. ...43-12 
F. E. RICHART—Dec. 1946, pp. 353-364 (V. 43) 


This paper presents a study of 108 plain, tied or spirally 
reinforced concrete columns. The columns were 7, 8 and 
9 in. round or square, 45 in. ong, and the ties and spirals 
were 6 in. in diameter. 

The columns were loaded axially, with ‘“‘flat” ends. 
Strains were measured and close observations were made 
of the initial failure of the protective shell 

Analyses of the test results were made to see if the column 
shells were fully effective. This was the case with the 
shells of spirally reinforced columns, but the tied columns 
showed a slight deficiency in the strength expected on 
the basis of previous tests of the 1930 ACI colum 
investigation 

The test results lend support to the design methods pre- 
scribed in the current ACI Building Regulations for 
Reinforced Concrete. 


PRECAST CONCRETE STRUCTURES. .43-13 
A. AMIRIKIAN—Dec. 1946, pp. 365-380 (V. 43) 


Precasting is becoming a major factor in the choice of 
reinforced concrete as a construction material because of 
ever-rising cost of labor and materials. ‘the advantages 
of precasting are not however confined to savings in cost 
and materials. Since it isa planned method of construction, 
comparable to factory production, its use also assures a 
better control of quality and speedier completion of the 
project. This article is an attempt to show how precasting 
can be utilized to provide the framing of a great variely 
of structures. The first part deals with bent type of framing 
as used in buildings, the second describes a novel typed 
framing consisting of precast cells, particu ar y suitable for 
floating structures. 


COMPARATIVE BOND EFFICIENCY 
OF DEFORMED CONCRETE REIN- 


FORCING BARS........-0+0000000404¥el4 


ARTHUR P. CLARK—Dec. 1946, pp. 381-400 (V. 43) 
The purpose of the tests described was to determine the 
resistance to slip in concrete of 17 different designs 
deformed reinforcing bars. 
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The tests Were of the pull-out type in which the bars were 
cast ina horizontal position, the depth of concrete under 
the bars and the length of embedment were varied. The 
slip of the bar was measured at the loaded and free end 
Three tests were made of each variable for each design 
of deformation. 

It was established that a certain group of the bars was 
definitely superior to the others, in the sense that their 
average rating was significantly higher than the average 
of the others. Bars cast in the top position were much 
less effective than those cast in the bottom position. 


*PROPOSED REVISION OF BUILD- 
ING REGULATIONS FOR REIN- 
FORCED CONCRETE (ACI 318-41). .43-15 


REPORTED BY ACI COMMITTEE 318—Dec. 1946, pp. 
401-468 (V. 43) 


The report with its proposed changes has been released 
the Standard Committee for convention action. 

The contents are fully explained in the title. The current 

“code” appears in full in larger type, the proposed 

changes in smaller type. Published for information and 

study prior to convention consideration. 


HIPPED PLATE CONSTRUCTION. . . . 43-16 


GEORGE WINTER and MINGLUNG PEI—Jan. 1947, 
pp. 505-532 (V. 43) 


This paper discusses and illustrates a method of design 
and construction increasingly used in Europe since the 
early thirties, but hardly known in this country. Named 
“Faltwerke’ abroad, such structures consist of rigid 
reinforced concrete boxes made up of slabs joining at 
various angles, without the aid of beams or girders. In 
view of the considerable rigidity of the box as a whole, 
such structures can be made to bridge considerable spans 
without intermediate supports in the form of columns, 
frames or trusses. The type of construction is particularly 
applicable to bunkers, long span roofs, hangars, and the 
like. 

The paper is essentially a digest of the very extensive 
European literature on the subject. It aims to discuss the 
essential design procedures, though not pretending to be 
complete with regard to questions of somewhat secondary 
importance. Originality is only claimed in the develop- 
ment of an appropriate, simplifying distribution method, 
the introduction of a consistent sign convention, and other 
substantial, practical simplifications. 

Examples of erected structures are illustrated, a design 
example is given, and an extensive foreign bibliography 
is enpended. 


HYDRAULIC STRUCTURE MAINTE- 
NANCE USING PNEUMATICALLY 
Wuemeee MORTAR. ...........005- 43-17 


W.L. CHADWICK—Jan. 1947, pp. 533-548 (V. 43) 


Where exposed to frequent freezing and thawing cycles 
while saturated, concrete in hydraulic structures and on 
snow-covered flat or nearly flat surfaces suffers deteriora- 
tion which requires repair before the strength of the 
affected structure is seriously impaired. The principal 
causes of deterioration are enumerated, and several meth- 

is of customary repair are discussed, with special mention 
of the methods employed in making repairs to a number 

hydraulic conduits and dams in the high Sierras 


of California. 


MR, CHAIRMAN................--43-18 
R. W. CRUM—Feb. 1947, pp.613-616 (V. 43) 


The author “has fun” over the performance of chairmen 
in the gent of technical meetings as he did on another 
occasion, with the authors’ presentations of their papers 

cy ’ 
in “Technical Tedium or Otherwise. 


OBSERVATIONS OF WAR 

DAMAGE TO CONCRETE AND TO 
CEMENT INDUSTRY PROPERTIES IN 
GE 6 k5:0000.00000505006060060 00 
MYRON A. SWAYZE—feb. 1947, pp. 617-628 (V. 43) 


While on a seven week trip through Germany making a 
survey of the German cement industry, the author observed 
damage to structures resulting from allied bombing. Types 
of German cement are compared with American cement 
and though German cements were generally considered 
as inferior to American, their high quality of concrete 
presented a paradox as seen in the durability of their 
roads. Illustrations show results of bombing on hotels, 
bridges, cement and industrial plants and dams. An 
interesting example of the use of a mound of gravel as 
form work tor an arch factory roof is described . The 
author believes American engineers could profit by a 
study of German examples of precast concrete. 


CRACKS IN CONCRETE......... . ++ -43-20 
BYRAM W. STEELE—Feb. 1947, pp. 629-636 (V. 43) 


Cracks in concrete that are irregular and uncontrolled 
are objectionable. If causes were better understood, the 
elimination of cracks would be less difficult. Cracks are 
mainly due to one or more of the following causes: 1) 
lack of adequate investigation of all of the ingredients 
involved, 2) lack of sufficient advance planning to obtuin 
satisfactory results, 3) lack of team work in the human 
element involved in this intricate manufacturing process, 
and 4) lack of teamwork (compatibility) in the ingredients 
which include alkali aggregate reaction and the use of 
argillaceous limestone nite chert as aggregate. The 
modern laboratory's test procedure will not condemn many 
limestones and cherts that are capable of starting surface 
cracking. The elimination of unsound types is not at all 
a simple procedure. A suggested A-B-C procedure is 
offered toward the partial elimination of cracks: A to 
establish approved sources of aggregate with good service 
record, B thoroughly investigate new sources of supply 
subjecting them to all known tests including analysis by a 
petrographer, C study the design of every structure pro- 
posed with a view towards eliminating structural cracks 
by proper control of the design of the mix and the placing 
of the concrete and provide relief from volume change 
tensile stresses with designed cracks placed where they 
will not be objectionable. 


CONTRACTION JOINT GROUTING 
OF LARGE DAMSG..........20+++++43-21 
A. WARREN SIMONDS—Feb. 1947 pp. 637-652 (V, 43) 


The practice of the United States Bureau of Reclamation 
is to build large dams in blocks bounded by keyed joints 
to minimize cracking caused by shrinkage which is due to 
dissipation of the setting heat of the concrete. After the 
concrete reaches its minimum temperature the voids in the 
joints between the blocks are filled with cement grout 
under pressure to create a concrete monolith. This paper 
describes experiences in the development of the present 
grouting techniques and the actual process of grouting 
contraction joints in large concrete dams. Special 
reference is made to grouting at Shasta Dam. 


REPAIR OF CONCRETE CHIMNEYS 
WITH A MINIMUM~= OF _ INTER- 
FERENCE WITH OPERATION OF 
BOILERS... cccccccccccccccccccccc sch eeRt 


W. M. BASSETT and M, N, CLAIR—Feb. 1947 pp. 
653-668 (V. 43) 


Demolition of a concrete chimney at public utility plant 
provided an opportunity to study the relation of SO; 
content of the cross section of the shell to the condition of 
the concrete. This data used to supplement physical 
examination in determining necessity for repair of two 
other chimneys at same plant. Wartime conditions re- 
quired repair without plant shutdown. Methods em- 
ployed and results obtained are described in detail. 
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SOME PROBLEMS IN STRUCTURAL 
FRAMING OF PRECAST CONCRETE 
Es 6 n64660600460606000<000c8RRD 
A. AMIRIKIAN—Mar. 1947, pp. 797-812 (V. 43) 


The use of precast concrete elements in large-scale housing 
projects places special emphasis on the importance of the 
structural framing. In order to take full advantage of 
benefits inherent in the precast technique, it is necessary 
that the design of the traming be given the same care as 
that generally accorded to the structural analysis and 
design of any large and important structure. To this end, 
criteria of design and the arrangement of framing are 
predicated on theoretical as well as on practical con- 
siderations, to assure adequacy of strength, adaptability 
to mass production and economy of construction. Some of 
the problems encountered in the design of the framing are 
discussed in this paper; and the application of the basic 
principles is illustrated by two examples outlining the 
arrangement and details of framing of two types of low- 
cost dwellings. 


THE MAINTENANCE AND RECON- 
STRUCTION OF CONCRETE TUNNEL 
LININGS WITH TREATED MORTAR 
AND SPECIAL CONCRETE..........43-24 
B. D. KEATTS—Mar. 1947, pp. 813-828 (V. 43) 


Defects in concrete tunnel linings such as disintegration, 
seepage, honeycomb, cracking and structural failures and 
faulty conditions in earth and rock formations through 
which tunnels have been bored have been corrected 
with treated mortars, a special concrete and through 
unconventional methods of applying them. 

This paper includes a general discussion of tunnel mainte- 
nance problems, a description of the mortar, concrete, 
and methods employed in the repairs of four selected 
tunnels. 


CONCRETE MIX DESIGN — A 
MODIFICATION OF THE FINENESS 
MODULUS METHOD...............43-25 


MYRON A. SWAYZE and ERNST GRUENWALD— 
Mar. 1947, pp. 829-844 (V. 43) 


A comparison of three maximum size gradings of sand- 
gravel and sand-crushed stone mixtures in concrete has 
revealed that for each type and size of coarse aggregate 
a constant value for fineness modulus will be obtained 
for any workable mixture from lean to rich, if the cement 
is included in the modulus figures. While trial batches 
are still recommended tor previously unused aggregates 
the modification proposed for the old fineness modulus 
method permits the design of equally workable batches 
ot varied cement contents trom data on trial mixes of a 
single cement tactor. This materially reduces the number 
of test batches where a range of cement contents are to 
be used with a set of aggregates. 

The method described tor calculation of batches compen- 
sates for differences in specific gravity of fine and coarse 
aggregates. 
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THE INSTITUTE—TODAY AND TO. 
Reape main + A326 


ie: ati F. GONNERMAN—Apr. 1947, pp.885-899 


The address of the retiring President at the 43rd Annual 
Convention in Cincinnati summarizes the activities and 
progress made by the Institute during the preceding yer 
and outlines the plans conceived during the year for the 
future. The author objectively reveals the prospects for 
future growth of the Institute. 


OIL WELL CEMENTING PRACTICE. .43-97 


R. E. MOELLER and HAYDEN ROBERTS—Apr. 1947, 
pp. 893-912 (V. 43) 


Oil well cementing is a highly specialized service; special 
procedures and equipment are necessary to accomplish 
the desired results. Wells are cemented to eliminate 
contamination, to repair leaks in pipe, to reduce the depth 
of the hole and to correct various well conditions when 
necessary. This paper outlines the different procedures 
and describes some of the equipment used. 

Some of the more fundamental problems encountered in 
well completions are mentioned and the methods used to 
correct problems are briefly described. 


PAINTING INTERIOR CONCRETE 
SURFACES: THE EXPERIENCE OF 
ONE ORGANIZATION..........++43-28 


T. H. CHISHOLM—Apr. 1947, pp. 913-916 (V. 43) 


Twenty-five years experience in painting the interior of 
concrete buildings has demonstrated that if a few simple 
precautions are taken, it offers no more difficulty than does 
the painting of wood or other materials. The paper 
describes the practices of the Hydro-Electric Power 
Commission of Ontario which have prompted this 
conclusion. 


NOTES ON THE THEORY AND 
PRACTICE OF FOUNDATION 
GROUTING...c.cccccccccccccccccces 43-29 


V.L. MINEAR—Apr. 1947, pp. 917-932 (V. 43) 


Foundation grouting presents one of the most controversial 
problems in dam design and construction. Successful 
trearment of any given foundation requires modification 
in standard technique to meet existing conditions. Methods 
used successfully on one job may not always be satis- 
factory on another. This paper presents and discusses 
certain theories and practices in this important and costly 
phase of dam construction. 
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Current ACI Standards 


Minimum Standard Requirements for Precast Concrete Floor 
Units (ACI 711-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for the Construction of Concrete Farm 
Silos (ACI 714-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for the Design of Concrete Mixes 
(ACI 613-44) 


24 pages in covers: 50 cents per copy (40 cents to ACI Members) 


Specifications for Cast Stone (ACI 704-44) 


4 pages: 25 cents per copy 


Specifications for Concrete Pavements and Bases (ACI 617-44) 
30 pages In covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for Measuring, Mixing and 
Placing Concrete (ACI 614-42) 


30 pages In covers: 50 cents per copy (40 cents to AC] Members) 


Recommended Practice for the Use of Metal Supports for 
Reinforcement (ACI 319-42) 


4 pages: 25 cents per copy 


Building Regulations for Reinforced Concrete (ACI 318-41) 
63 pages in covers: 50 cents per copy. (40 cents to ACI Members) 


“ACI Standards—1946” contains all the above titles in a single 
publication at $2.00 ($1.25 to ACI members) 


Recent Proposed ACI Standards 


Proposed Manual of Standard Practice for Detailing Reinforced Concrete 
Structures 


Reported by ACI Committee 315. It is a separate publication of large format, 
bound to lie flat and presents typical engineering and placing drawings with 
discussion calling attention to important considerations in designing practice. 
55 pages; $3.00 per copy. $1.75 to ACI Members. (Distributed to ACI 
Members in July 1946) 


The Nature of Portland Cement Paints and Proposed Recommended Practice 


for Their Application to Concrete Surfaces 


Reported by Committee 616 as information and for discussion only. 20 pages, 
25 cents per copy (Reprint from AC] JOURNAL, June 1942) 


Proposed Recommended Stresses for Unreinforced Concrete 


Reported by Committee 322 as information and for discussion only. 4 pages, 
25 cents per copy. (Reprint from ACI JOURNAL, Nov. 1942) 
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Sources of Equipment, Materials, and Services 


A reference list of advertisers who participated in the Sixth Annual 
Technical Progress Issue of the AC] JOURNAL—the pages indi- 
cated will be found in the February 1947 issue and (when it is 
completed) in V. 43, ACI Proceedings. Watch for the 7th Annual 
Technical Progress Section in the February 1948 JOURNAL. 


Concrete Products Plant Equipment page 
Besser Manufacturing Co., 902 46th St., Alpena, Mich..................45. .. 735 
—Concrete products plant equipment 
Stearns Manufacturing Co., Inc., Adrian, Mich... ..........0 000 ccc c cece ceees 795 
—Vibration and tamp type block machines, mixers and skip loaders 
i cl eweuccccsascceesccceeseseecns 776 
—Concrete aitaian, block and brick machine vibrators 


Construction Equipment and Accessories 


Blaw-Knox Division of Blaw-Knox Co., Farmers Bank Bldg., Pittsburgh, Pa...... 786-7 
—Truck mixer loading and bulk cement plants, road machinery, buckets, and 
steel forms 


eae ha cl banks kde Ache betes vaeeeenes eee 757 
—DMixing plants, cement handling equipment 

Chain Belt Co. of Milwaukee, Milwaukee, Wis..............0000 cece ce ceeee 762-3 
—Mixers, pavers, pumps 

Chicago Pneumatic Tool Co., 8 E. 44th St., New York 17, N. Y............008- 772 
—Concrete vibrator equipment 

Construction Machinery Companies, Waterloo, lowa........... 6.0.66 600000+5. 745 


—Batching and placing equipment, Jetcrete gun 
Dumpcrete Div. of Maxon Construction Co., Inc., 407 Talbott Bldg., 


ee Sa kaw mieebusiend an eeies ee vbeaeede woe Fae 
—Hauling air-entraining concrete 

Elettric Tamper & Equipment Co., Ludington, Mich..............000- 0000 eens 736-7 
—Concrete vibrators, screeds, portable power plants 

Flexible Road Joint Machine Co., Warren, Ohio..............6. 00000005. ... 754 
—Finishing and joint installing machines 

ee ee kc bic bebe edeeteakes ces ... 740 
—Unloading and conveying pulverized materials 

Heltzel Steel Form & Iron Co., Warren, Ohio............ 06 cece eee ees 768-9 
—Pavement tension dowels, expansion joint beams 

Jaeger Machine Co., The, Columbus ,Ohio.................. epee ree . 738-9 
—Concrete Paving Equipment 

Johnson Co., The C. S., Champaign, Illinois ...............05. Rvate as sind was 761 
—Automatic mixing plants 

Kelly Electric Machine Company, 287 Hinman Ave., Buffalo 17, N. Y......... 742-3 
—Floor finishing equipment 

Mall Tool Co., 7703 So. Chicago Ave., Chicago 19, Illinois................... 748 
—Concrete vibrators 

Master Vibrator Co., Dayton 1, Ohio..............-. re te eee 729-3 

Concrete vibrators and finishing screeds 

New Holland Manufacturing Co., Mountville, Pa.............. ses de 
—Crushing plants 

Richmond Screw Anchor Co., Inc., 816-838 Liberty Ave., Brooklyn 8, N. Y...... 771 

Form tying devices 
Universal Form Clamp Co., 1246 N. Kostner, Chicago 51, Illinois........... 


—Form work, foundation panels 
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ce, 796 So. rower St., Buroank, Gollf.ic..c cc ccec ccc cedevescne dan 752-3 
—Concrete vibrators 

Worthington Pump and Machinery Corporation, Holyoke, Mass.......... ~ae FIO 
—Paving Mixers 

Contractors, Engineers and Special Services 

American Concrete Institute, New Center Bldg., Detroit 2, Mich.... . . 792, 794-5 
—Publications about concrete 

Borsari Tank Corp. of America, 25 Broad St., New York 4, N. Y....... so ee 
—Concrete tank structures 

L. Coff, Consulting Engineer, 198 Broadway, New York 7, N. Y. 773 
—Engineering service for prestressed concrete 

Grid Flat Slab Cor persion, 761 Dudley St., Boston, Mass. . sence TRGET 
—Grid system of concrete construction 

Kalman Floor Co., Inc., 110 E. 42nd St., New York 17, N. Y.. woes 1209 


—Floor finishing methods 
Prepakt Concrete Co., The, and Intrusion- yoann, Inc., Union Commerce Bldg 


Cleveland 14, Ohio Eis ca as te : pee einrecs a 
~Pressure filled concrete 
Raymond Concrete Pile Co., 140 Cedar St., New York 6, N. Y..... séepeo a Ree 
—Pile foundations 
Roberts and Schaefer Co., 307 No. Michigan Ave., Chicago 1, Illinois.......... 756 
—Thin shell concrete roofs 
Vacuum Concrete, Inc., 4210 Sansom St., Philadelphia 4, Pa....... .« 166-7 
Forms and lifters with suction controlled concrete 
Materials 
Anti-Hydro Waterproofing Company, 265 Badger Ave., Newark N. J... ....... 790-1 
—Waterproofing 


Calcium Chloride Assn., The 1028 Connecticut Ave., N. W. Washington, D. C... 785 
Calcium chloride 


Dewey and Almy Chemical Co., Cambridge 40, Mass. wee. 1645 
—Air-entraining and plasticising agents 
Haydite Manufacturers, Buffalo; Kansas City; Toronto; St. Louis; South 


Park, Ohio; San Rafael, Calif.; Danville, Illinois....... ease ae 
Lightweight aggregate 
Hunt Process Co., 7012 Stanford Ave., Los Angeles 1, Calif. . 774-5 
—Curing C ompounds 
Inland Steel Co., The, 38 So. Dearborn St., Chicago 3, Illinoi: . 724 
Reinforcing bars 
Lone Star Cement Corp., 342 Madison Ave., N. Y. 17, N. Y. 726-7 
—Cements and cement performance data 
Master Builders Co., The, Cleveland, Ohio; Toronto, Ont. 777-84 
—Air entrainment and cement dispersion 
Rail Steel Bar Association, 38 S. Dearborn St., Chicago 3, IIlinoi: cae ae 
—Concrete reinforcing bars 
Sika Chemical Corp., 37 Gregory Ave., Passaic, N; J........ 750-1 
-Waterproofings and densifier 
Techkote Company, 821 W. Manchester Ave., Inglewood, Calif... . vos OO 
—Concrete curing compounds 
United States Rubber Co., Rockefeller Center, New York 20, N. Y.. .. 758 
—Form lining 
Testing Equipment 
Baldwin Locomotive Works, Philadelphia 42, Pa....... . 724 
—Testing equipment 
Concrete Specialties Co., Coulee Dam, Wash.. alla Bacco 
—Testing machines, and equipment for capping ‘test cylinders 
Gilson Screen Company, P. ©. Box 186, Mercer, Pa. dik ‘a sai du thcee ie 


—Mechanical testing screens 











28 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE April 1947 


ACI publications in large current demand 


Proposed Manual of Standard Practice for Detailing Reinforced 
Concrete Structures (1946) 


Reported by ACI Committee 315, Detailing Reinforced Concrete Structures, Arthur J. Boase 
Chairman, this book reached the top of the ACI “‘best seller” list within one month of its distri. 
bution to all ACI members in good standing in July 1946. It is a large format, bound to lie figt 
and presents typical engineering and placing drawings with discussion calling attention to 
important considerations in designing practice. It was prepared to simplify, speed, and effect 
standardization in detailing. It is believed to be the only publication of its kind in English. |t 


is meeting wide acclaim among designers, draftsmen and in engineering schools. Price—$3,00, 
to AC] Members—$1.75. 


ACI Standards—1946 


180 pages, 6x9 reprinting ACI current standards: Building Regulations for Reinforced Con. 
crete (ACI 318-41); Minimum Standard Requirements for Precast Concrete Floor Units 
(ACI 711-46); four recommended practices: Use of Metal Supports for Reinforcement (AC. 
319-492); Measuring, Mixing and Placing Concrete (ACI 614-42); Design of Concrete Mixes 
(ACI 613-44); Construction of Concrete Farm Silos (ACI 714-46); and two specifications: Con. 
crete Pavements and Bases (ACI 617-44) and Cast Stone (ACI 704-44)—all between two 
covers, $2.00 per copy—to ACI Members, $1.25. 


Air Entrainment in Concrete (1944) 


92 pages af reports of laboratory data and field experience including a 31-page paper by 
. F. Gonnerman, “Tests of Concretes Containing Ajir-entraining Portland Cements or Air 
entraining Materials Added to Batch at Mixer,’’ and 61 pages of the contributions of 15 parti- 
cipants in a 1944 ACI Convention Symposium, ‘Concretes Containing Ajir-entraining Agents,” 


reprinted (in special covers) from the ACI JOURNAL for June, 1944. $1.25 per copy, 75 
cents to Members. 


ACI Manual of Concrete Inspection (July 1941) 


This 140-page book (pocket size) is the work of ACI Committee 611, Inspection of Con 
crete. It sets up what good practice requires of concrete inspectors and a background of 
information on the “why of such good practice. Price $1.00—to ACI members 75 cents, 


“The Joint Committee Report’ (June 1940) 


The Report of the Joint Committee on Standard Specifications for Concrete and Reinforced 
Concrete submitting “Recommended Practice and Standard Specifications for Concrete and 
Reinforced Concrete,’ represents the ten-year work ot the third Joint Committee, consisting 
of affiliated committees of the American Concrete Institute, American Institute of Architects, 
American Railway Engineering Association, American Society of Civil Engineers, American 
Society for Testing Materials, Portland Cement Association. Published June 15, 1940, 140 
pages. Price $1.50—to ACI members $100 


Reinforced Concrete Design Handbook (Dec. 1939) 


This report of ACI Committee 317 is in increasing demand. From the Committee's Fore 
word: “One of the important objectives of the committee has been to prepare tables covering 
as large a range of unit stresses as may be met in general practice. A second and equal 
important aim has been to reduce the design of members under combined bending and 
load to the same simple form as is used in the solution of common flexural problems.”—132 
pages, price $2.00—$1.00 to ACI members. 


For further information about AC! Membership and Publications (including pamphlets 
presenting Synopses of recent ACI papers and reports) address: 


AMERICAN CONCRETE INSTITUTE New Center Building Detroit 2, Michigan 
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available from ACI at 25 cents each—quantity quotations on request. Discussion 


To facilitate selective distribution, separate prints of this title (43-30) are isceson 
[ea paper (copies in triplicate) should reach the Institute not later than Sept. 1, 1947 


Title 43-30 —o part of PROCEEDINGS, AMERICAN CONCRETE INSTITUTE Vol. 43 
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of the 
AMERICAN CONCRETE INSTITUTE 
Vol. 18 No. 9 7400 SECOND BOULEVARD, DETROIT 2, MICHIGAN May 1947 





A Study of the Influence of Thermal Properties 
on the Durability of Concrete* 


By ALBERT WEINERt 


Member American Concrete Institute 


SYNOPSIS 


An attempt is made to rationalize the effect of air content and type 
of aggregate on the durability of concrete by a consideration of the ther- 
mal properties. The principal thermal properties of plain, Vinsol resin, 
and neutralized Vinsol resin concrete made with siliceous gravel and 
with trap-rock under two mixing conditions (air and vacuum-mix) are 
presented. The increased durability developed by addition of an air- 
entraining admixture does not appear to be a result of the slight 
change in thermal properties accompanying air entrainment. When 
differences in thermal diffusivity exist between mortar and coarse ag- 
gregate, rapid freezing and thawing may cause failure by internal ex- 
pansion. This paper should be considered as a progress report on the 
subject and the conclusion set forth as tentative; subject to verification 
by the results of further study. 


INTRODUCTION 

Discussions of the durability of concrete frequently include a reference 
to the importance of the thermal properties of concrete ":){. Instances 
of conerete failure due to different coefficients of thermal expansion of 
aggregate and matrix have been reported “-, and an approach to the 
problem of the effect of the thermal diffusivity on durability has been 
made ©, This progress report describes the techniques and pre- 
liminary results of a general study of the relationship of thermal prop- 
erties to durability, particularly with regard to the influence of the type 
of coarse aggregate and the effect of entrained air. 

Interest in the problem was aroused by the anomalous behavior of 
concrete made with a natural siliceous sand but with two types of coarse 
~ “Received by the Institute May 26, 1945. 

tEngineer-in-Charge, Ithaca Concrete Laboratory, U. 8. Corps. of Engineers, Ithaca, New York. 


Formerly, Research Physical Chemist, Central Concrete Laboratory, Mt. Vernon, New York, 
{See references at end of paper. 
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Fig. 1—Siliceous aggre. 
gate concrete: cracking 
due to differential ex. 
pansion in specimen after 
51 cycles of freezing and 
thawing—Treat Island, Me. 





aggregate, both equally sound according to the usual acceptance test 
methods. It had been observed that concrete made with siliceous gravel 
failed, apparently by internal expansion, when exposed to natural freezing 
and thawing on the exposure rack at Treat Island, Maine. A typical 
example of this type of failure is shown in Fig. 1. The edges and surface 
are generally unaffected in this type of failure except for severe map- 
cracking which progresses to the extent that the structural value of the 
member is destroyed. The condition of the mortar is shown in Fig. 2. 
This type of failure is also accompanied by destruction of the mortar- 
to-coarse-aggregate bond with no apparent failure of the aggregate. 


When exposed to rapid freezing and thawing in the laboratory auto- 
matic quick-freezer, smaller specimens of this type of concrete fail by 





Fig. 2—Matrix rupture due to differential expansion as shown in peb- 
ble sockets after 51 cycles of freezing and thawing—Treat Island, Me. 
(Photo approx. full size) 
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Fig. 3—Result of 100 
cycles of rapid freezing 
and thawing in laboratory 
automatic freezer. 


A. Siliceous gravel concrete, 
no admixture. 

B. Siliceous gravel concrete, 
plus .01 percent NVR. 

C. Trap-rock concrete, no 
admixture. 

D. Trap-rock concrete, plus 
.01 percent NVR. 
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progressive destruction of the bond and weakening of the matrix. Failure 
by internal expansion is less apparent than with the larger specimens 
exposed at Treat Island. 

Similar concrete specimens made with trap-rock (diabase) as coarse 
aggregate are considerably more durable. When exposed at Treat Island, 
failure, when it occurs, is associated with surface deterioration and the 
loss of ends and corners. The principal visual evidence of failure in the 
laboratory is progressive deterioration from the surface. Failure by 
internal expansion and failure of the coarse-aggregate-to-mortar bond 
are rare. Fig. 3 shows typical examples of gravel and trap-rock con- 
crete, made with and without neutralized Vinsol resin, after exposure to 
one hundred eycles of freezing and thawing in the laboratory quick- 
freezer. The marked increase in durability afforded by the use of air 
entraining agents is too well-known to require especial comment here. 
In the absence of a complete demonstration of the part played by air- 
entrainment in effecting increased durability, it was considered desirable 
to investigate the effect of air entrainment on thermal properties and on 
durability. Although air entrainment increases the durability of both 
the gravel and trap-rock concrete, their relative durabilities are inde- 
pendent of air entrainment or of the type of cement used. 

The consideration, that differences in the thermal properties of the 
aggregates and air-entrainment could account for the difference in dura- 
bility, required: 1) the development of techniques, where these were 
lacking; 2) collection of test data; and 3) calculation of the stress devel- 
opment during temperature change. 


PROGRAM OF TESTS 


To obtain information concerning the relationship of durability to 
thermal properties, concrete specimens were made and treated as follows: 
The concrete was prepared under twelve conditions representing the two 
types of coarse aggregate, two mixing conditions (air-mix and vacuum- 
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mix), and three cement types (plain, flake Vinsol resin, and neutralized 
Vinsol resin). A theoretical cement factor of 5.45 sk. per cu yd and 
natural siliceous sand was used throughout. The water-cement and sand- 
aggregate ratios of the air-entraining concrete were reduced appropriately 
to maintain a uniform slump, except that each type of vacuum-mixed 
and air-mixed concrete was identical in design. A commercial supply of 
Type II cement was used throughout. The specimens made for each 
condition consisted of two 6- X 12-in. cylinders cast with thermocouples 
at the center of mass, and three 344- K 4%- X 16-in. beams containing 
measuring studs at the ends. After a minimum of eighteen days of moist 
curing, the cylinders were tested for density, specific heat and diffusivity, 
The conductivity was obtained by substitution of these values in the 
diffusivity formula: 


k 
h= ne% (1) 


cp 
where h is the diffusivity, sq ft per hr, 

k is the conductivity, BTU per sq ft per ft per hr per deg F, 

cis the specific heat, BTU per lb per deg F and 

p is the density, lb per cu ft. 
After a similar curing period, the saturated beams were measured in 
three temperature increments in the 10—105 F range to obtain the co- 
efficient of thermal expansion. The average values obtained in these 
tests are presented in Table 1. The values for coefficient of thermal 
expansion were found to be erratic due to the use of unsuitable inserts. 
Therefore, the values shown are for the overall range between 10 and 105 
F. It should be noted that these values are high and represent saturated 
concrete taken through the water-ice phase change. These values 
should not be considered representative coefficients of thermal expansion 
for concrete. 


DURABILITY AND THERMAL PROPERTIES 


For concrete made of materials that are considered sound by the usual 
criteria, at least three different factors appear to be responsible for de- 
terioration during rapid freezing and thawing. ‘The first factor, not 
directly related to the thermal properties of the materials, involves the 
volume change of the phase transition of water to ice. In this connection 
the diffusivity of concrete will be of greater or less importance, depending 
upon whether one favors the Powers’ or the Tabor-Collins’ hypothesis”. 
At any rate, it is possible that the size of the ice-crystals formed would 
influence the stress, and that the rate of temperature change in the con- 
crete, governed by the diffusivity of the material, would affect the size of 
the crystals. 
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TABLE 1—THERMAL PROPERTIES OF CONCRETE 


| Coefficient of 


| 

Mixing Unit Spec. Thermal Calculated | thermal 
Serial Cement | Coarse pressure, | weight, heat, diffusivity, | conductivity,| exp. x 10-4 
No. type | age. mmilg Ib/eu ft. | c h } k Raine 

| 10-105 F 
1-H plain gravel 760 149.1 254 0553 2.10 9 
2-H plain gravel 60 | 149.5 262 .0567 2.22 10 
3-H VR. gravel 760 146.3 260 0568 2.16 10 
4-H | V.R. gravel 60 148.5 253 0578 2.17 S 
5-H | NVR gravel 760 149.7 262 O584 2.29 +) 
6-H NVR gravel 60 150.4 258 O584 2.27 11 
7-H plain trap-rock 760 153.9 266 0324 1.33 ~ 
8-H | plain trap-rock 60 154.4 272 0319 1.34 7 
9-H | V.R. trap-rock 760 153.5 278 0318 1,36 7 
10-H | V.R. trap-rock 60 156.3 271 0316 1.34 S 
11l-H | NVR trap-rock | 760 155.3 278 O311 1.34 7 
12-H NVR trap-rock | 60 156.3 277 0319 1.38 7 


The second factor consists of the stresses developed in the specimen 
due to gross volume changes induced by temperature differences. It 
would be expected that the magnitude of the stress would be a function of 
the coefficient of thermal expansion of the concrete, the temperature 
difference per unit of depth, and the modulus of elasticity of the concrete. 
The degree of deterioration caused by this effect would be dependent 
upon the tensile strength of the concrete. If conditions are such that 
plastic flow of the concrete would permit non-destructive adjustment to 
the change in volume, differences in this property may be significant, 
If the rate at which uniform temperature and volume are attained through- 
out the specimen is important, the thermal diffusivity may be a significant 
property. 

The third factor consists of stresses produced by volume changes of the 
components of the concrete, particularly the relationship of coarse 
aggregate to mortar, and of fine aggregate to cement paste. If both 
fine and coarse aggregates are markedly different in coefficient of thermal 
expansion from the cement matrix, failure would occur by failure of the 
matrix. For aggregates with expansivities similar to the cement matrix, 
stress development will result if the rate of temperature change of the 
aggregate is significantly different from that of the cement matrix. This 
effect would be small in the case of the fine aggregate, since the relatively 
small masses involved would readily respond to temperature changes. 
However, it is apparent that the coarse aggregate could under such con- 
ditions be at a different temperature than the mortar matrix, and conse- 
quently undergo differential volume change. Difference in thermal 
diffusivity of the coarse aggregate and mortar would determine the 
differential rate of temperature change. Aggregates with similar dif- 
fusivities but different coefficients of thermal expansion would produce 
different stresses under rapid temperature change. Aggregate size would 
be important, since greater stresses would be developed with larger 
aggregate. 
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ANALYSIS OF THE DATA 


In order to evaluate the durability of the two types of concrete in 
terms of their thermal characteristics, the stress development under 
various conditions will be analyzed. To this end, the so-called “‘infinite 
plane” will be used for the calculations. This has been found necessary 
“because suitable treatments of the specific shape and size of the speei- 
mens used are not available. Although it is recognized that the tem- 
perature and stress development calculated for the infinite plane should 
differ considerably from that developed in a beam, the relative stress 
development calculated for the various types of concrete should be 
approximately correct. The additional assumption is made that the 
physical properties of concrete determined at 70 F may be applied in the 
0 to 50 F range. 


SURFACE STRESSES 


The first effect investigated will be the instantaneous tensile stress 
produced at the boundary of a concrete monolith initially 50 F through- 
out, and the surface temperature changed suddenly to 0 F. Where the 
depth of penetration is small in proportion to the dimensions of the 
specimen, the following formula may be applied to determine the stress “™, 


Ka yy 


Stress : (2) 
l-u 
where FE = Young’s modulus of elasticity 
a = the coefficient of thermal expansion 


7, = the initial temperature difference 

u = Poisson’s ratio. 
Taking the average modulus of elasticity found in tests made on similar 
concrete, the appropriate coefficient of thermal expansion as shown in 
Table 1, and Poisson’s ration as 0.16 for saturated concrete, the tensile 
stresses at the boundary for a drop of 10 deg and 50 deg F are shown 


below: 
Stress, psi., Stress psi., 
1’, «10 1’, = 5O 
Gravel concrete 62) 3,105. 
Trap-rock concrete 134 2,170 


It should be noted that the above boundary stresses affect only the sur- 
face of the concrete and that the stress is considerably reduced below the 
surface, Confirmation of the caleulations is found in studies of the 
deterioration of gravel and trap-rock concrete in the laboratory quick- 
freezer, which have shown that the gravel concrete is almost invariably 
subject to greater surface deterioration than the trap-rock concrete. 
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INTERIOR STRESSES 


The appraisal of the differences in stress development of the two kinds 
of concrete may be continued by examining the monolith described 
previously for interior temperature and stress distribution during ex- 
posure of the surface to a temperature drop. For the conditions of 
sudden temperature change at the surface of an infinitely thick wall, the 
following equation expresses the temperature ¢, in the wall at a distance 
X ft. from the surface: 

t= t, + (t;-—t) f (4) ou ae 
2(V a0) 
where ¢, is the surface temperature, ¢; is the initial uniform temperature 
within the concrete, a is the thermal diffusivity in sq. ft. per hr., and 0 
is the time in hours after the sudden change of temperature(®. The 
function 
(X) 
J 
(2Va0) 
is Gauss’s error integral for which numerical values are available@®. 
The temperature at various depths and time intervals was calculated 
for the two types of concrete and an initial temperature difference of 
50 F. The stress development corresponding to these conditions may 
be obtained from the following formula: 
S = ink .. (6) 
where S is the stress in psi. 
tis the temperature difference, deg F 
n is the coefficient of thermal expansion, in. per in. per deg F 
FE is the modulus of elasticity in psi. 
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Fig. 4 compares the stress at various depths for the two types of concrete, 
It is apparent that the gravel concrete is subject to a somewhat greater 
potential stress than the trap-rock concrete. It is doubtful whether this 
moderate difference in stress is responsible for very much of the con- 
siderable difference in durability of the two types of concrete, but it may 
be a contributing factor. 


AGGREGATE—MORTAR STRESS 


An investigation of the stress developed due to incompatability of the 
thermal properties of the aggregate and the cement was one of the ob- 
jectives of this study. Previous work of this nature has consisted of 
comparing the coefficients of thermal expansion of the aggregate and 
the cement and calculating the stress developed at equilibrium for various 
temperature changes. Thus, one instance of concrete failure has been 
attributed by Pearson“ to a very low coefficient of the aggregate 
(2X 10-*) compared to that of the cement matrix (7 * 10-°). Such failure 
is independent of the size of the aggregate. It has been mentioned that a 
siliceous sand, petrographically identical with the gravel, was used as 
fine aggregate throughout this program of tests. If the poor durability 
of the gravel concrete were due to the coefficient of expansion of the 
gravel, it might be expected that the siliceous mortar of the trap-rock 
concrete would show similar deterioration. No such evidence is available. 
In fact, the coefficient of thermal expansion of the gravel (and, by in- 
ference, that of the sand) is almost identical with the accepted average 
value of cement. 

A comparison of the coefficients of thermal expansion of the gravel, 
trap-rock, and mortar follows: 


Gravel 7.0 10-8 in. per in. per deg F 
Trap-rock 4.0 « 10°° in. per in. per deg F 
Mortar 5.3 & 10°° in. per in. per deg F 


It is apparent that the expansivity of the mortar is almost exactly the 
average of the coefficients of the gravel and the trap-rock. Any stress 
due to difference in coefficient of thermal expansion between coarse 
aggregate and mortar will be equal in magnitude, although opposite in 
direction. For a 50 deg change in temperature, the computed stress 
is 300 psi, which is not excessive. Even if this effect contributed to 
deterioration, it cannot account for the difference in durability between 
the two types of concrete. 

In order to investigate the possibility that a difference in the rate of 
heat transfer between aggregate and mortar could account for the differ- 
ence in durability, information concerning the thermal properties of the 
mortar and two types of coarse aggregate was necessary. Since the con- 
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ductivity of a mixture is not an additive function of the constituents “, 
the diffusivities of the aggregates could not be obtained indirectly from 
the diffusivities of the mortar and concrete. Furthermore, the gravel, 
although predominantly siliceous contained appreciable quantities of 
other minerals, and it was concluded that the highest diffusivity of any 
constituent was of more interest than an average value. Accordingly, 
selected specimens of the aggregate were cut into spheres, cubes, and 
cylinders, radial holes drilled, and thermocouples inserted at the centers 
of the specimens. From the rate of cooling, the diffusivity was obtained 
directly from the appropriate Williamson and Adams curves". 

The diffusivities of the coarse aggregates obtained in this manner, and 
the specific heats determined separately are as follows: 


Specific Conduc- Diffu- 
heat, tivity sivity, 
c k h 
" ‘ quartz, 0.125 
rave ° LS 3.88 ° ~~ 
Gravel ‘ granite, 0.047 
Trap-rock .208 1.14 0.031 


Mortar cylinders were cast using the mixture proportions of the original 
concrete but excluding the coarse aggregate. Using the methods em- 
ployed for the tests on concrete, the thermal properties were obtained. 
The results follow: 


Specific Conduc- Diffu- 
Heat, tivity, sivity, 

Admixture c k h 
None 0.324 1.49 0343 
0.01 per cent NVR 0.332 1.46 0325 


It is evident that the diffusivity of the trap-rock is very similar to that 
of the mortar, whereas the diffusivity of the quartz is almost four times 
that of the mortar. Since the diffusivity expresses the rate at which a 
substance undergoes temperature change, it may be inferred that the 
quartz will respond to unidirectional temperature change more rapidly 
than the surrounding mortar. For a period, depending on the thermal 
head and the size and shape of the quartz, the quartz will be at an 
average temperature different than the surrounding mortar, resulting in 
differential volume change and stress. The sand would not be subject to 
a similar effect due to the insignificant mass of the sand grains. During 
an identical temperature change the trap-rock and the mortar would be 
nearly identical in temperature due to their similar diffusivities. For the 
same reason the granitic constituent of the gravel could not be responsible 
for stress development. 
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Mathematical proof is not yet available of the existence of stresses to 
substantiate this theory of thermal shock and differences in diffusivities 
as factors in concrete durability. An attempt is now being made to solve 
the problem of the temperature differential between enclosures of quartz 
and trap-rock and the surrounding mortar. The method has been applied 
successfully to various types of heat-transfer problems“. Experimental 
means for confirming the hypothesis may be available. Temperature 
measurements might be made by means of suitably placed thermocouples, 
Electrical strain gages attached to the concrete might give direct readings 
of the strain. One of the requirements of the theory is that concrete 
with a large maximum size of gravel is less durable than similar concrete 
made with a smaller maximum size. 


THE EFFECT OF AIR ON THERMAL PROPERTIES 


The reason for the remarkable increase in durability effected by the 
presence of an air-entraining admixture has never been adequately 
demonstrated. It is apparent that increased air content will change the 
thermal properties of concrete. It might be anticipated that due to the 
insulating effect of dead air spaces, the conductivity would be reduced, 
that the specific heat would be practically unaffected, and that the diffu- 
sivity would depend upon the change in conductivity and unit weight. 

The average reduction in diffusivity of vacuum versus air mixed 
concrete found in the present study is only 0.0004 sq. ft. perhr. Although 
this negligible decrease in diffusivity may be attributed to the rather low 
entrainment of air, it is not apparent how such a slight physical effect as 
the reduction is diffusivity noted could increase durability to the extent 
observed. In a subsequent study, a number of air-entraining admixtures 
was used, and the sand-aggregate and water-cement ratios were reduced 
to maintain a constant slump. It was found that the diffusivity was very 
slightly reduced by the use of air-entraining admixtures. However, 
correlation of the reduction in diffusivity with air content was negligible, 
whereas the reduction in diffusivity was directly related to the reduction 
of sand and water content. The weight of the data appears to indicate 
that the decrease in diffusivity is only incidental to the increased dura- 
bility effected by air entrainment. 

What can be said of the course of deterioration during freezing and 
thawing? Undoubtedly, the initial effect of thermal shock on the gravel 
concrete is to loosen the cement-aggregate bond, and create cracks in the 
matrix. These occurrences alone need not be responsible for serious 
deterioration, except that favorable conditions are created for the ingress 
of water. The pressure accompanying the formation of ice completes the 
destruction that may initially have been only minor. The presence of 
entrained air may considerably delay serious deterioration, but eventually 
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more water will accumulate than can be accommodated by the voids. 
On the other hand, even the plain trap-rock concrete has shown fairly 
good durability, and it is believed that durability of this concrete is caused 
largely by the absence of thermal differentials and that ultimate deterior- 
ation is caused by expansion of the water originally present. The presence 
of an air-entraining admixture appears to relieve this expansion to a 
considerable degree so that a more nearly permanent structure is ob- 
tained. 


FUTURE WORK 


The ultimate goal of this study is to isolate those thermal factors which 
contribute to differences in durability and finally to recommend practices 
which will result in more durable concrete. The analysis which has been 
presented here can be considered only the first approximation of a com- 
plete study. Such a study would include the following: 

1) Investigation of various combinations, proportions, and types of 
cement and aggregate. 

2) More extensive use of the durability history of such concrete. 

3) A more rigorous mathematical treatment of the thermal and stress 
analyses. 

4) Determination of the thermal properties in the low temperature 
range. For example, the specific heat of the water constituent is twice 
as great as that of ice. 

5) Temperature and strain measurements of the coarse aggregate and 
mortar during temperature change. 

6) Analysis of the significance of each of the various thermal effects 
with respect to deterioration, and consideration of these effects separately 
from the water-ice transformation. 


CONCLUSIONS 


The principal tentative conclusions may be summarized as follows: 

1) The marked difference in durability between concrete made with 
siliceous gravel and with trap-rock as coarse aggregate may be in part 
attributed to the influence of the thermal properties of the aggregate. 

2) The failure of the gravel concrete upon freezing and thawing 
accompanied by thermal shock is characterized by bond failure and by 
internal expansion. This failure is apparently caused by the relatively 
high coefficient of thermal expansion of the concrete which is responsible 
for surface stress and by the diffusivity of the gravel which, being higher 
than the mortar, responds more quickly to temperature change, resulting 
in differential volume change. 
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3) The marked durability of the trap-rock concrete is a result of its 
relatively low coefficient of thermal expansion and the fact that the 
diffusivity of the trap-rock is very similar to that of the mortar, so that 
temperature change is transmitted uniformly to both aggregate and 
mortar. 

4) The addition of an air-entraining admixture does not appear to 
affect materially the thermal properties of concrete. The slight decrease 
in diffusivity is believed simply to accompany the inclusion of air, and 
is not of itself sufficient in degree to be responsible for the marked in- 
crease in durability. 

5) There is a definite need for further work, first, to substantiate 
experimentally and verify mathematically the results of this study; and 
second, to develop a general theory of the effect of thermal properties 
on the durability of concrete. 
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By ELLIOT P. REXFORDT 


Mr. Weiner’s paper is a very timely contribution to the durability of 
concrete. The theory of differences in thermal diffusivity between certain 
aggregates and cement pastes has offered an acceptable explanation for 
some conditions which occur in concrete structures, particularly in the 
hot, dry portions of southwestern United States. 


In southern California and southern Arizona there are concrete struc- 
tures which have suffered extensive pattern-cracking. Sometimes the 
entire surface of a structure, notably concrete bridges, is covered with 
a pattern of very fine hair-line cracks which are almost invisible to the 
casual observer. Such cracking has been attributed to various factors, 
but since alkali reactive aggregates are prevalent throughout this part 
of the country, there is a general tendency to conclude that reactive 
aggregates are the predominant cause. However, in certain cases, the 
concrete surfaces do not show the customary symptoms of alkali-aggre- 
gate reactivity, and examinations of the aggregates themselves indicate 
that very few, if any, particles of the rock types known to be reactive, 
were present. In general, the fine aggregates of these structures are 
composed predominantly of quartz together with various amounts of 
other non-reactive minerals. 


Mr. Weiner has shown that the thermal diffusivity coefficient of 
quartz is nearly four times that of an average cement mortar made with a 
siliceous sand. Although he states that the temperature effect would be 
small in the case of fine aggregate because of the relatively small masses 
involved, stresses between a quartz fine aggregate and a cement paste 
~*ACI Jounwat, May 1947, Proc. V. 43, p. 997. 
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probably do occur, and even small stresses often repeated will result in 
ultimate failure. 


In this part of the country extreme daily ranges of temperature are 
common, particularly in the desert regions. In the summer, day tem- 
peratures of 100 to 120 F or higher are usual and the surface of a con- 
crete may register 170 F or more. During the following night, air tem- 
peratures frequently fall to between 50 and 60 F with a corresponding 
drop in the temperature of the concrete. Under such daily temperature 
changes, each quartz grain near the surface of the concrete is almost 
constantly expanding or contracting. Due to a different thermal 
diffusivity coefficient, it expands and contracts at a different rate than 
its surrounding cement paste with the result that checking and crazing 
of the mortar ultimately occur in the form of pattern cracks. In the arid 
regions, some of the pattern-cracked structures are 20 or more years old, 
and, except for the pattern cracking, they appear to be in reasonably 
good condition. This “good” condition probably can be attributed to 
the fact that they have been subjected to very little rainfall and little or 
no freezing and thawing during their 20 years of life. While the extreme 
temperature ranges cause and accelerate pattern cracking, once the 
stresses are relieved no further distress is suffered by these particular 
concretes because of the lack of wetting and drying, and/or freezing and 
thawing. The concrete, however, has become weakened and is vulnerable 
to these conditions should they occur, even though very infrequently. 
In less arid regions, extreme temperature ranges are less frequent but 
greater rainfall, particularly when coupled with freezing and thawing, 
must ultimately cause a more serious condition in the concrete. 


Another condition in which thermal diffusivity may play a prominent 
role in this part of the country is in the disintegration of granite-type 
rocks. In most sections of the United States granitic rocks are pre- 
dominantly hard and durable. In general, they are considered as being 
among the more satisfactory materials for aggregate in concrete. In 
southern California and Arizona, on the contrary, the quality of granitic 
materials is highly variable and must be carefully watched. Surfaces of 
entire granite mountain ranges are often severely disintegrated to depths 
of several feet. This condition varies, however, and may range from a 
few inches on the northern shady slopes of a granite mountain to many 
feet on the southern and sunny slopes. Fragments of the surface granite 
can usually be crumbled in the hand and under a petrographic micro- 
scope the individual crystals, particularly quartz, are shown to be 
severely shattered even in the finer sieve sizes. This condition main- 
tains where rainfall is slight and freezing temperatures seldom occur 
but high daily temperatures and relatively low night temperatures are 
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the rule. In other words, the weathering agents common to most parts of 
the country are almost entirely lacking; yet surface disintegration has 
progressed to an extreme degree. It, therefore, appears reasonable to 
consider the disintegration as being due predominantly to thermal causes. 
Differences in coefficients of thermal diffusivity, and also probably of 
coefficients of expansion, between the different mineral particles or 
crystals develop stresses which finally result in disintegration. 

One must be constantly on the watch for this condition in the selection 
of aggregates for concrete in this part of the country. Stream-bed sands 
and gravels are the predominant sources of aggregate materials here and 
quite generally are largely composed of granitic-type pebbles and sands 
together with representatives of many other types of rock. The source 
of this material for the streams is largely disintegrated rock from the 
mountain slopes. Frequently the material has been sufficiently worked 
over by the streams to have eliminated most of the unsound portion, but 
in many cases unsound granitic particles still remain and unsound ag- 
gregate will be obtained if the material is not carefully selected. 

It is not the intent of these comments to minimize the importance of 
alkali-aggregate reactivity or other factors which cause an unsound con- 
dition in concrete, but to point out instances in which differences in 
thermal diffusivity coefficients appear to have been the cause of an 
unsound condition in some concretes and the probable cause of an un- 
sound condition in some granitic aggregates observed in southern 
California and southern Arizona. 

By BYRAM W. STEELE* 

The paper “A Study of the Influence of Thermal Properties on the 
Durability of Concrete’? by Mr. Albert Weiner is one of the most timely 
articles published in recent years. This report presents data on the 
general subject of durability not hitherto adequately considered in con- 
nection with the deterioration of concrete. 

Regardless of what initial action produces cracks in concrete, as soon 
as these cracks develop, another agent of disintegration is admitted to 
the interior of the concrete mass. This agent, through solution and 
frost action, will materially shorten the life of any structure. 

In recent years the writer has examined hundreds of structures in all 
parts of the United States; in Central America and in the northern 
part of South America that are affected with a crack pattern resembling 
Fig. 1 of Mr. Weiner’s article. Some of these structures are known to 
be affected by the so-called alkali-aggregate reaction cracking. Other 
structures are definitely not in the alkali-aggregate group but are sus- 
pected of being in the thermal property class of cracking. 


*Office of the Chief of Engineers, War Department, Washington, D. C. 
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It is unfortunate but true that so much resistance exists to conducting 
an adequate study of the durability phase of concrete structures before 
they are built. The authority to correct this condition on public works 
is not always clean-cut under the present system of administering the 
expenditure of public funds. Pressure from political and commercial 
organizations is too often a deciding factor in the selection of an aggregate 
source for the construction of an important permanent concrete structure. 


Mr. Weiner’s presentation of data indicates rather conclusively that 
further research along these lines should be conducted. It also indicates 
that any important concrete structure, in any climate, should be given a 
fair chance for long life and durability by having all the materials from 
which it is to be constructed subjected to a thorough test program to 
determine whether: 


(a) The chemical properties of any of the ingredients will produce 
objectionable reactions when combined in concrete. 


(b) The physical properties of any of the ingredients will produce a 
volume change sufficiently pronounced to result in objectionable cracking. 


For any major project, compliance with the above procedure will 
necessitate starting this test program at least a year, and preferably two 
years, before construction is initiated. 


The initial step in the program consists of canvassing all possible 
sources of supply and making a petrographic study of available ma- 
terials. A thorough reconnaissance survey, by an experienced petro- 
grapher, will frequently avoid much useless and expensive testing that 
has been too often a part of laboratory procedure in the past. As stated 
by Mr. Rhoades*, a new technique of tests for concrete is badly needed 
if durability rather than strength is to be the watchword for the future. 


Considerable progress has been made in recent months by the U. 8. 
Bureau of Reclamation in an accelerated test for detecting reactive aggre- 
gates. Freezing and thawing tests at the rate of 12 cycles in 24 hours 
now permits 300 cycles of freezing and thawing in 25 days thus making 
freezing and thawing a practical test for the acceptance or rejection of a 
concrete aggregate. An accelerated test for heating and wetting and 
cooling and drying is now being developed to supplement the freezing 
and thawing test. This test is especially applicable in non-freezing 
localities where extremes in temperature are more productive of deteriora- 
tion than freezing and thawing. 

For any permanent concrete structure exposed to severe weather- 
ing, whether of the frequently repeated freezing and thawing type or the 
frequently repeated cycles of extremes of temperature, it would always 
SACI Jounnat, June 1946, Proc. V. 42, p. 581. 
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be desirable to have a thorough laboratory investigation of all materials 
to be used in the concrete. In addition, a thorough investigation of the 
past record of the materials involved in similar structures should be con- 
ducted. The cost involved need not be objectionable for structures of 
any magnitude, and the time necessary for such an investigation need 
not cause delay in construction if the program of investigation is started 
when preliminary designs are started. 

Regardless of whether as thorough an investigation as above noted is 
made, the following procedure should be mandatory wherever imper- 
vious, durable concrete is desired in a long-lived structure: 

(a) An experienced petrographer, thoroughly familiar with concrete 
technology and the causes of non-durability under all kinds of climatic 
conditions, should conduct a petrographic analysis of the materials and 
of the resultant concrete. 


(b) The test for alkali-aggregate reaction should be conducted if 
there is any reason to suspect that reactive materials are present. 


(c) Freezing and thawing tests of concrete specimens made from the 
materials proposed for use should be made. The specimens should be 
frozen and thawed in water and the tests continued for at least 300 
eycles or until the sonic modulus has dropped to 50 percent of its original 
value. 

(d) Thermal reaction tests of concrete specimens made from the ma- 
terials and mixtures proposed. for use should be made. Apparatus is 
now being developed to automatically heat and wet specimens installed 
in a tank and then cool and dry the specimens by rapid circulation of 
conditioned air. This apparatus will accelerate the cooling cycle and 
will produce the maximum temperature and moisture reaction practicable. 


The writer has under observation a large number and variety of con- 
crete structures in all parts of the United States. Some of these struc- 
tures have an excellent performance record, having a minimum of cracks 
and deterioration. Other structures should have performed just as satis- 
factorily, but did not. Obviously there is a reason, or reasons, for both 
types of performance records. The factors responsible for non-durability 
should be ferreted out before, not after, a structure is built. In the past, 
too much water in the mix was the cause of a great amount of non-durable 
concrete. Today with vibration, air entrainment, and proper uniformity 
and gradation of fine aggregate, there is no excuse for the addition of too 
much water. That phase of construction can and should be under rigid 
control. 

In closing, it is desired to emphasize the fact that pattern cracking— 
large and small—as noted in Fig. 1 of Mr. Weiner’s paper is a common 
occurrence and contributes more to the ultimate serious disintegration of 


sme eee ee ee ie 


ee 


* ~ 
CRONE ES AONE TTT 







VER ae BT LOD BL 


deine Smads aietihns 


2 ONE ge SE IE 


PS 








1008 -6 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE Part 2 Dec. 1947 


concrete than is usually realized. This phase of deterioration can be 


easily avoided with proper procedures and generally with reasonable 
cost. 


AUTHOR'S CLOSURE 


The comments of both Mr. Steele and Mr. Rexford indicate a much 
wider latitude of application for the theory than the writer had antici- 
pated. Little thought had been given to the extremes of temperature 
common to arid and sub-tropical climates. 


Exclusion by the writer of the siliceous fine aggregate as a source of 
deterioration was based upon observations of concrete specimens tested 
in a 50 F temperature range. The 120 F temperature range mentioned 
by Mr. Rexford may provide sufficiently great temperature differences to 
cause differential volume change of the fine aggregate. Additional ex- 
perimental work would establish this factor, rather than other possibilities 
such as dehydration or surface and interior stresses. 
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Erosion of Concrete by Cavitation and Solids in 
Flowing Water* 


By WALTER, H. PRICET 


Member American Concrete Institute 


SYNOPSIS 
High velocity water jet and shot-blast tests which were made to 
determine the effects of mix proportions, curing, absorptive form lining, 
air entrainment and surface finish on the erosion resistance of concrete 
are described. Examples of erosion failures in hydraulic structures by 
wear and cavitation and methods of repair are included. 


INTRODUCTION 
This paper is primarily concerned with the erosion of concrete by the 
forces of cavitation and solids carried by flowing water and with means of 
improving the erosion resistance of concrete. That these forces may be 
extremely severe is exemplified by the erosion failures of concrete which 
will be described, as well as by the many failures of metal liners, conduits, 
gates and turbines which have been described in the technical literature. 
Because of the wide use of concrete in hydraulic structures and the 
seriousness Of the damage which may result from erosion, many tests have 
been made to determine the conditions of flow under which concrete can 
be safely used and to investigate the effects of mix proportions, materials, 
finishing operations, curing procedures, etc. on the erosion resistance of 
the concrete. A number of such tests have been summarized. The re- 
sults of these tests combined with the information presented in the 
examples of erosion failures given have been used as the basis for the 

conclusions listed at the end of this paper. 


LABORATORY TESTS 
Two sets of high velocity water-jet tests and a number of shot-blast 
tests made by the laboratories of the Bureau of Reclamation furnish 


*Presented 43rd Annual ACI Convention, Cincinnati, Feb, 24, 1947. 
TMaterials Engineer, Bureau of Reclamation, Denver, Colorado, 
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information on the limiting conditions under which concrete can be em- 
ployed where high velocities are encountered and on the resistance of 
concrete to wear by sand in water flowing at high velocities. 

In the first set of jet tests, blocks of concrete were subjected to the 
action of a continuous stream of clear water issuing from a I-in. nozzle 
held 15 in. from the surface at velocities becween 100 and 175 ft per see 
for periods up to 35 days.’* The jet was mounted so that it could be 
directed on the test blocks at any angle between 0 and 90 deg. 16 blocks 
were tested in this series, 9 of which had plane faces. The other 7 were 
cast with various types of holes, joints, and offsets. The blocks showed 
practically no evidence of erosion on any plane or jointed surface when 
the angle between the jet and block was small. One block, tested for 
181% days at a jet angle of 5 deg. had only a roughened surface at con- 
clusion of the test. However, a roughening of the mortar surface gen- 
erally resulted after two days exposure to the jet at 45 deg. angle. This 
roughening was more pronounced at the 90 deg. angle. At a jet velocity 
of 175 ft per sec and jet angle of 90 deg. pitting to a depth of 4 in. 
resulted after two weeks. Pitting to an average depth of about % in. 
occurred at the end of 5 weeks, although one hole eroded to a depth 
of about 1 in. It is interesting to note in Fig. | that for the 90 deg. 
position of the jet the concrete was not eroded as much at the center of 
the jet where the pressure and velocity was comparatively constant as 
it was at points about 2 in. from the center where there was greater 
disturbance in the water. The results of these tests agree with actual 
field experience in that concrete will stand the flow of clear water at high 
velocities without appreciable damage, provided the flow is smooth and 


Fig. 1.—Erosion was more severe two 
in. from center of 175 fi per sec jet 
held normal to surface 





*See references at end of text, 
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the direction and velocity of the water is not abruptly changed by the 
shape of the concrete structure. 

In the second set of water-jet tests, which was designed to evaluate 
the effect of water-cement ratio, slump, percentage of sand, type of finish, 
type of forms, and type of cement on the wearing qualities, concrete 
blocks were subjected to a jet of water containing 4 percent sand issuing 
from a nozzle 3 in. wide and .015 in. thick held at a constant angle of 10 
deg. with the surface. The velocity of the jet was 73 ft per sec. 

The blocks were made with aggregate graded up to 3-in. maximum size. 
They were fog-cured for 14 days and were tested at the ages of 40 and 60 
days. The cement contents ranged from 4 to 6 sk per cu yd. The 
following sets of blocks (2 for each factor investigated) were made and 
tested: 6 sets with water-cement ratio varying from 0.48 to 0.67 by 
weight; 5 sets with slump varying from 4 to 7%4 in.; 3 sets with sand 
percentages varying from 31 to 36 percent; one set each for wood floated, 
screeded, steel troweled, wood formed, and steel formed surfaces; and 
one set each for five different cements. 

The blocks having a 0.48 water-cement ratio showed less wear than the 
ones having a 0.67 water-cement ratio and in general the other blocks in 
the series showed greater wear for the higher water-cement ratios. There 
was very little difference in the wear of the 5 sets of blocks having the 
same water-cement ratio and slumps ranging from ' to 784 in. The 
734-in. slump blocks showed the least wear. No apparent difference in 
the amount of erosion was indicated in the three sets of blocks with sand 
percentages ranging from 31 to 36 percent. Of the cements tested, Type I, 
Type II and Type IV and portland pozzolan, the portland pozzolan 
showed the greatest wear and the Type IV cement the next greatest. 
The differences in the cement series were not great, and as portland 
pozzolan and Type IV cements are slow in gaining strength it is believed 
that smaller differences would have been shown at later ages. 

In the type of finish series the concrete formed by wood or steel showed 
much higher resistance to wear than the wood floated, screeded, or steel 
troweled finishes. The steel troweled finish (not hard troweled) showed 
the lowest resistance of all types of finishes tested. 

At Friant Dam a hard steel troweled test panel 10 ft square on the 
spillway apron showed less wear than similar panels which were rough 
wood floated, smooth wood floated, and rubber floated after being sub- 
jected to the flow from three 14-ft condvits for about one year. Other 
tests show that hard troweled surfaces are much more resistant to sand 
blasting than surfaces cast against steel forms®. The pressure used in 
hard troweling, which is applied after the concrete has begun to harden, 
apparently increases the density of the surface with attendant increased 
resistance to abrasion. There are cases of foot and tire prints standing 
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above the surrounding concrete in walks and slabs subjected to constant 
wear, which shows that pressure does contribute to the erosion resistance 
of the concrete. 

The same group of tests referred to above showed that the abrasion 
resistance increases as the water-cement fatio is reduced, that concrete 
made with soft limestone is less resistant to abrasion than others made 
with harder aggregates, and that oversanded mixes are less resistant te 
abrasion than undersanded mixes. Slabs which were not cured showed 
less resistance to abrasion than those moist-cured for 7 days and those 
covered with a coal tar curing compound when tested at one year age, 
However, after 75 cycles of wetting and drying and freezing and thawing 
the no-cure specimens approached the abrasion resistance of those which 
were moist cured for 7 days and were better than those covered with the 
black curing compound. 

In general the erosion resistance of the concrete increases as the 
strength and density increases, but where the quantity of paste in the mix 
is high the erosion resistance may be low in spite of the higher strength, 
Water-jet teste made on blocks of concrete containing %%-in. maximum 
size aggregate and cement contents of about 7 and 9 sacks showed lower 
erosion resistance for the higher cement content for mixes made at the 
same slump. 

The results of a number of shot-blast tests furnish information on the 
effects of curing, absorptive form lining and entrained air on the erosion 
resistance of the concrete. These tests were made by shooting a 40-50 
mesh steel grit against the specimen from a nozzle held 4 in. from the 
surface. 

Fig. 2 shows the effect of curing on the resistance of concrete to the 
abrasion of shot blasting. In this test, panels 4- & 8-in., l-in. thick, 
smoothed by troweling, were held at an angle of 45 deg. 4 in. from the 
shot jet in 5 spots for 60 seconds each. The specimens were 28 days 
old when tested. Because of the high loss in weight of the no-cure speci- 
men, it was blasted in only two spots. There was a pronounced im- 
provement in the erosion resistance of the 7-day fog cured specimen over 
the no-cure specimens, but curing beyond 7 days did not improve the 
resistance appreciably,’ 

Fig. 3 shows the difference in abrasion resistance of concrete cast 
against wood forms and absorptive form lining. The rough surface of the 
concrete cast against absorptive form lining is due to the texture of the 
lining. The specimens were 3-\ 3-  9-in. blocks made from the same 
batch of concrete containing *4-in. maximum aggregate. They were fog- 
cured for 14 days before blasting. The absorptive lining used in this case 
was similar to %-in. thick commercial fiber building boards except that it 
had been treated to prevent sticking to concrete, The tests showed that 





47 


ant 
nee 


ion 
ete 
ade 

to 
ved 
ose 
ure, 
ing 
Lich 
the 


the 
mix 
rth, 
lum 
wer 
the 


the 
sion 
)-50 
the 


the 
hick, 
the 
Jays 
Cl 
im- 
over 


- the 


cast 
f the 
f the 
same 
fog. 
cause 
rat it 
that 








EROSION OF CONCRETE 





No cure 7 day fog 14 day fog 


Fig. 2—Curing has marked effect on abrasion resistance 


Against wooden form 


Against absorptive form lining 
Fig. 3—Absorptive form lining increases resistance to abrasion 
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1.5 percent air 6 percent air 


Fig. 4—Entrained air reduces resistance to abrasion 


the water-cement ratio is reduced by about 15 percent at the surface by 
the absorptive lining, grading to no reduction | in. from the surface, 
and that the abrasion resistance was materially increased by this redue- 
tion in water-cement ratio. 

Removal of water and air voids from the surface of the concrete by 
vacuum processing will increase its resistance to abrasion in much the 
same manner as absorptive form lining. The amount of water withdrawn 
depends to a large extent on the degree of vacuum and its length of 
application. The 28-day compressive strengths of 6-  12-in. cylinders, 
the vertical surface of which had been exposed to a vacuum until no 
more water could be withdrawn, were 47 percent above those of un- 
processed concrete. This increase agreed with the estimated reduction in 
water-cement ratio. In addition to increased strength and hardness of 
surface, the vacuum processing and good absorptive form linings reduce 
surface voids in the concrete which may contirbute to disturbance in the 
flow of water. “® 

For the same water-cement ratio the strength and abrasion resistance 
of concrete are reduced as the percentage of entrained air is increased, 
Fig. 4. Tests made by Kennedy“ on comparable concretes having the 
same cement factors showed very little loss in abrasion resistance for air- 
contents up to 6 percent. The abrasion resistance became increasingly 
less for air contents above 6 percent. 


EXAMPLES OF EROSION BY CAVITATION 


Smoothly flowing clear water, even at high velocities, will not damage 
ordinary concrete, but whenever the velocity or direction of high velocity 
water is abruptly changed or when conditions are such as to reduce the 
pressures in the water, pitting may result from cavitation. * 

*Cavities will form in running water whenever the pressure at a point in the liquid is reduced to its vapor 
ressure. These cavities flow downstream with the water and upon entering an area of higher pressure col- 
with great impact. Repeated collapse of such cavities near the surface of the concrete will pit it. 


Pitting due to cavitation is readily recognized from the holes or pits formed which are distinguished from 
the smoother surface caused by sand, silt or rocks carried by the flowing water. (1!) 
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Fig. 5—Hole in Boulder 
Dam spillway tunnel 
caused by cavitation 


Fig. 6— Misalignment at 

upper end of eroded area 

oulder Dam spillway 
tunnel 





Fig. 5 shows a large hole which was eroded near the bottom of the 
50-ft diameter inclined tunnel below the Arizona spillway at Boulder 
Dam.“ It is estimated that the velocity of the water at this point 
was above 150 ft per sec.“ The 50 deg. change in direction from the 
inclined tunnel to the horizontal tunnel is accomplished by a vertical 
curve of 225 ft radius which should permit the water to flow smoothly 
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past this point. It is believed that the cavities started to form in the 
water at the misalignment in the concrete shown in Fig. 6. The eroded 
hole was about 145 ft long by 30 ft wide and extended to a depth of some 
24 ft below the invert of the tunnel. It was formed during an average 
discharge of 13,500 cfs over a period of four months. 

The eroded section was repaired in 1942 with prepacked concrete, 
Briefly, this process consists of the solidifying by intrusion grouting of a 
mass of confined aggregate which has been thoroughly compacted in 
place.* The grout mixture consisted of portland cement, a finely ground 
pozzolanic filler, a plasticizing agent, fine sand and water. 

Every precaution was taken to obtain a smooth surface true to line and 
grade and all irregularities were removed by sawing around them and 
chipping to a depth equal to the width of the hole. The sides of these 
holes were keyed during the chipping operation. Openings over 6 in. 
square were filled by vibrating and tamping no-slump concrete in layers 
not exceeding 3 in. in thickness. Smaller holes were filled with dry-pack 
mortar by compacting layers not thicker than 1 in. in place with a tamp- 
ing head of a chipping hammer. The top of each layer was removed to a 
depth of 14 in. to provide a better bonding surface before placing the 
next layer. The top layer was placed slightly above grade and cut off 
with the sharp edge of a trowel before troweling. 

Shallow defects in the surface of the concrete were repaired by first 
cleaning them by sand-blasting. A mortar consisting of one part cement 
to two parts of fine sand was stoned into the surface. This was followed 
by applying dry-pack mortar which was stoned until fairly dry. After 
damp-curing from 7 to 14 days the surface was ground with a small 
terrazzo machine. This treatment removed board marks and objection- 
able offsets, leaving an extremely smooth surface. Minor bulges in the 
surface were easily removed by bushing followed by grinding, using « 
template cut to the correct radius of curvature. Humps in the old con- 
crete downstream and upstream from the eroded area were removed by 
bushing and grinding to the lines of a template. The concrete in the 
invert downstream from the eroded area was smoothed by bushing and 
grinding for a distance of 200 ft. Fig. 7 shows the tunnel after completion 
of repairs. 

Fig. 8 shows pitting which occurred in the Parker Dam gate piers at 
velocities around 50 ft per sec. Note the pitting in the metal.“” This 
type of pitting is common and has occurred near the control gates on 
other projects.“ 

A similar type of pitting was noted in the piers at Bonneville Dam”, 
It was at first believed that part of the trouble was due to the compara- 


*See ‘Two Special Methods of Restoring and Strengthening Masonry Structures,"’ by J. W. Kelly and 
B. D. Keatts, ACI Journat, Feb. 1946, Proc. V. 42, p. 289. 
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Fig. 8—Pitting in Parker Dam gate piers 
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tively weak portland pozzolan concrete in these piers. The piers were 
repaired with gunite which was washed out during the first year. Later 
the eroded area was covered with metal plates, some of which have been 
torn from their anchors by the force of the water. 


An interesting case of erosion occurred in one of the 5-ft 8-in. wide 
by 10-ft high outlet conduits in Norris Dam where about one-tenth of 
cu ft of mortar had been spilled and remained on the floor for a short 
period of operation of the conduit. This mortar was not dislodged or 
damaged by the flow of water, but the disturbance it created in the water 
which was flowing at a maximum velocity of around 100 ft per sec was 
sufficient to erode about a sq ft of the concrete just downstream from it. 


EXAMPLES OF EROSION BY SOLIDS IN WATER 


The erosion of concrete by sand and gravel in the water can be equally 
as severe as that caused by cavitation as exemplified by the erosion which 
has occurred in the bucket of the Grand Coulee Dam spillway". Grand 
Coulee Dam is an overflow, straight gravity type structure, having a 
maximum height of 550 ft and length of 4,173 ft. The spillway is de- 
signed to discharge 1,000,000 sec ft of water over a crest length of 1650 ft 
when the depth of water on the crest is 30.5 ft. Normally the flow of the 
river does not exceed 300,000 sec ft. The toe of the dam throughout the 
spillway section is built in the form of a curved bucket having a radius 
of 50 ft, as shown in Fig. 9. This photograph was taken in November 
1937 before flooding. Even during low flows the depth of the water 
over the lowest portion of the bucket is 70 ft. 

Inspection of the bucket during March 1943 by divers disclosed that 
it had been eroded over a large portion of its area, varying from one inch 
to several feet in depth. The erosion was apparently caused by the move- 
ment of large quantities of sand and cobbles through the bucket by eddy 
currents resulting from unavoidable non-uniform discharge during the 
construction period and during subsequent low-water seasons. Fig. 10 
shows discharge over blocks during construction. It appeared that the 
cobbles and boulders were moved from the river bed downstream from 
the bucket and were carried into the bucket by the horizontal eddies near 
the sides. They were then carried along lengthwise of the bucket to- 
wards the discharge point in the circuit, there to be picked up, driven and 
ground over the bucket surface as a part of the discharge stream. Fig. 
11 shows some of the material removed from the bucket by divers. The 
river bed is being dredged downstream from the bucket to reduce the 
possibility of material entering the bucket from this source. 

The repair of this eroded area will be a difficult job and can be accom- 
plished only during periods of low flow which occur normally during 
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Fig. 11—Material re- 
moved from Grand Coulee 
spillway bucket by divers 
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Fig. 9—Grand Coulee 
spillway bucket before 
flooding 


Fig. 10—Discharge dur- 
ing construction show- 
ing cross currents 
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November through March. Because of the short working period, it is 
estimated that it will require 8 years to complete the repairs to the bucket. 
A floating steel caisson for unwatering 50-foot sections of the bucket 
is being constructed. This caisson is 115 ft long by 57 ft wide. A steel 
barge 73 ft long and 49 ft wide is being constructed as an integral part 
of the caisson to transport the necessary machinery required in raising 
and sinking the caisson. Four cylindrical steel shafts, 71% ft in diameter, 
which extend above the water when the caisson is lowered, will be pro- 
vided at each corner of. the caisson to afford access to the unwatered 
working chamber. The bottom of the caisson is designed to fit into the 
curve of the bucket and rubber seals have been provided along the contact 
surface to prevent entrance of water into the working area. The rubber 
seal will be effective only on smooth and minor eroded surfaces, and 
where it crosses deeply eroded areas additional sealing with concrete by 
divers will be necessary before the working chamber can be unwatered. 
It is expected that the caisson will be ready for work in 1948. 

When the bucket area is unwatered the sand, gravel, and boulders 
which cover the bottom to a depth of 3 ft in some areas will be removed 
and the concrete thoroughly cleaned and trimmed, and ground where 
necessary. The eroded areas will be repaired with concrete which will be 
keyed, doweled, and reinforced in the deeper sections, and the same pre- 
cautions will be taken to obtain a smooth sound surface as have already 
been described for the repair of the Arizona spillway tunnel. 

There are many recorded cases of concrete damaged by sand in flowing 
water, and one of these on the Strawberry Valley project near Provo, 
Utah, is of particular interest. The bottom of this structure is a trap- 
ezoidal spillway built on a 42 percent slope for a maximum discharge of 
300 sec ft. After 22 years service it had been eroded to a depth of 44 in. 
by occasional sand in the water, but when it is carrying clear water, moss 
and algae grow on the bottom»), 

Fig. 12 shows wear of the concrete in the invert of the 20 ft diameter 
1300 ft long tunnel at Anderson Ranch Dam after being used for di- 
verting the flow of the river for a period of 43 months during construction 
of the dam. The water carried high percentages of silt, sand, and gravel 
during the spring run-off, and when the tunnel was unwatered the invert 
was covered to a depth of several feet with rocks, gravel, and sand. 
The wear was fairly uniform on all types of aggregate and the exposed 
surfaces of the larger aggregate are smooth and flat. Some of the 1:2 
dry-packed mortar patches in this tunnel were completely eroded away 
and in general the mortar patches were eroded more than the surround- 
ing concrete. The maximum velocity of the water in the tunnel was 
about 30 ft per sec. New concrete which has been installed in this tunnel 
has been subjected to high velocities of relatively clear water for about 
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Fig. 12—Wear of tunnel 
invert by rocks and sand— 
Anderson Ranch Dam 





one year since it was converted to an outlet tunnel. This new concrete 
and low slump concrete patches show only slight wear. Hard steel 
troweled surfaces in the tunnel invert show less wear than the formed 
side walls. 


CONCLUSIONS 


1. Good quality concrete will withstand the flow of clear water at high 
velocities without damage provided the flow is smooth and the velocity 
of the water is not abruptly changed. 

2. Concrete can be made more resistant to erosion through the proper 
selection of mix proportions and treatment, but it will not withstand the 
severe forces of cavitation or the wearing and grinding action of rock, 
gravel, and sand carried by the water. 

3. Where high velocities of clear water are involved, the design and 
construction of the structure for streamline flow will have a much greater 
influence on the prevention and reduction of erosion than the design and 
treatment of the concrete. Small holes, imperfections or misalignment of 
the surface may cause serious damage as a result of disturbances created 
in the flowing water. 

4. In general the erosion resistance of concrete increases as the strength 
of the concrete is increased. 

(a) Removal of water and surface voids from the concrete while 
it is still plastic by absorptive form lining or by vacuum processing 
increases its strength and materially improves its erosion resistance. 
(b) A reduction of the water-cement ratio of the concrete, with- 
out increasing the air content of the mix, results in higher strengths 
and improved erosion resistance except in the range of cement 
contents above 7 sacks where the erosion resistance may be reduced 
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by the comparatively high paste content of the mix. Lowering of 
the water-cement ratio by reducing the water-content of the mix 
through improvement of the aggregate grading and by employing 
the lowest practicable slump will contribute more towards the im- 
provement of the erosion resistance than the same reduction in 
water-cement ratio resulting from an increase in the cement content. 


(c) When an increase in the percentage of entrained air results 
in a reduction in strength the erosion resistance of the concrete is 
reduced. The air content of the concrete used in hydraulic strue- 
tures should be kept to the minimum required for durability and 
should be maintained below 5 percent. 


(d) Ordinary finishing operations short of hard troweling, through 
the working of water and fines to the surface, reduces the strength 
and density of the concrete at the surface and its erosion resistance. 
Pressure applied to the surface by hard troweling after the concrete 
begins to set increases its density and erosion resistance. 

(e) Moist curing improves the resistance of concrete to erosion. 
(f) The type of cement has an influence on the early erosion re- 
sistance of the concrete, but where equal strengths are attained at 
later ages there should be little difference in this property of the 
concrete because of the type of cement used. 

(g) Where the form is not absorptive there appears to be little 
difference in the erosion resistance of the concrete resulting from 
the type of form used. 

(h) Soft aggregates are not desirable for concrete subjected to 
erosion because after the film of paste has been worn away the 
forces of erosion are resisted to a large extent by the aggregate. 
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Discussion of a paper by Walter H. Price: 


Erosion of Concrete Sy Cavitation and 
Solids in Flowing Water* 


By A. T. GOLDBECK, H. F. GONNERMAN 
and AUTHOR 


By A. T. GOLDBECKT 


It would seem that cavitation is largely responsble for the severe 
type of erosion described by Mr. Price and if that is true, impact is an 
important factor in creating the eroding forces. Remembering that 
force equals mass times acceleration (/ = Ma), quite evidently if the 
moving mass is brought to rest instantly, an infinite force is produced 
whereas if the rate of deceleration is decreased, the force produced is 
decreased also. As the vacuum, due to the cavitation phenomenon, 
collapses, the mass of almost incompressible water probably moves with 
high velocity toward the surface of the concreto. It is brought to rest 
against the concrete surface almost instantly, the deceleration is high 
and great force is produced. 

If something could be done to cushion the blow, and bring the mass of 
water to rest gradually, the deceleration a would be greatly decreased 
and the retarding force would be reduced also. A pad of rubber if of 
sufficient thickness and of proper design should accomplish the desired 
purpose. Its many uses for reducing impact and also its use for pre- 
venting abrasion in steel pipes carrying abrasive materials are well 
known. I believe that some experimentation with surface linings which 
will cushion the blow might be productive. 


By HK. F. GONNERMAN} 
Two questions come to mind with regard to Mr. Price’s paper: 
(1) How long did it take the erosion to occur on the Grand Coulee 
Dam? 


*ACI Jounnat, May 1047, Proe. V. 43, p. 1000 
TPidineering Director, National Creel Stone Association, Washington, D, C, 
Director of Research, Portland Cement Association, Chicago, 
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(2) Would erosion have occurred if the rocks, sand and other debris 
had not gotten into the lower part of the spillway? 


AUTHOR'S CLOSURE 


Mr. Goldbeck is correct in his assumption that resilient coating ma- 
terials such as rubber or synthetic rubber-like materials will provide 
more protection against the forces of “cavitation” than harder materials, 
In a series of tests conducted in the U. 8. Bureau of Reclamation Lab- 
oratories a smooth brass specimen was pitted after 4 hours, a conven- 
tional hard coating was completely removed after 8 hours, and a rubber- 
like coating was unaffected after 14 hours. All specimens were sub- 
jected to the same forces that were induced in clear water flowing around 
the specimens at a velocity of 100 ft per second. 

The following are in answer to Mr. Gonnerman’s questions: (1) It 
required over 5 years to erode the bucket to the extent described in the 
paper. A complete description of this erosion is given in the July 13, 1944 
issue of Engineering News-Record in an article entitled “Spillway Erosion 
at Grand Coulee Dam” by Kenneth B. Keener. Based on the present 
rate of erosion and assuming no maintenance, Mr. Keener has estimated 
that it would require 715 years before the bucket would be completely 
eroded away. (2) Cavitation may have contributed to the erosion of the 
Grand Coulee bucket, but because of the smoothness of the eroded sur- 
faces as contrasted to the pitting resulting from cavitation, and because 
cavities are less likely to form under the 70 ft minimum depth of water 
over the bucket, it is indicated that the erosion was due almost entirely 
to the grinding and wearing action of the sand and rocks and other debris 
found in the bucket. Furthermore, model tests showed positive pressures 
at all points in the bucket. 
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The Camera Lucida Method for Measuring Air Voids 
in Hardened Concrete* 


By GEORGE J. VERBECKt 


Member American Concrete Institute 


SYNOPSIS 


The camera lucida method for the determination of the air content 
and the air void characteristics of hardened cement pastes, mortars and 
concretes is described. Data are included to demonstrate the influence 
of experimental factors upon the results obtained by the camera lucida 
method. 

A comparison is made of the void concentrations and average void 
areas of the air entrained by different types of agents and under different 
mixing conditions. No factors significantly altering the void characteris- 
tics in concrete are revealed in the tests thus far made. The air con- 
tents of hardened concretes as determined by the camera lucida method 
compare satisfactorily with results obtained by other methods applied 
to the same concretes when in the plastic state. 


INTRODUCTION 


The durability of concrete subjected to freezing and thawing is mark- 
edly increased by the presence of minute, well-distributed air voids 
within the concrete. Previous studies of the relationship between re- 
sistance to freezing and thawing and the amount of entrained air have 
been limited to the measurement of the total volume of entrained air 
without characterizing the entrained air in terms of the size and dis- 
tribution of the air cells themselves. 

The method which has been developed reveals the characteristics 
of the air voids in hardened concrete, that is, their size, shape and dis- 
tribution and in addition provides an accurate check on any previous 
methods that might have been applied to determine the air content of 
the concrete in the plastic state. The method is directly applicable to 


*Presented at Research Session, 43rd ACI Convention, Cincinnati, Feb. 26, 1947. 
tResearch Chemist, Portland Cement Association, Chicago, Illinois. 
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the study of the weather resistance of concretes from structures of 
various ages to determine the extent to which entrained air may have 
contributed to their observed weather resistance. 

Practical and theoretical considerations suggest that it is not only 
the total amount of entrained air but also the size and distribution of 
the air cells that are important factors contributing to the observed 
increased resistance of the concrete to freezing and thawing. 

The systematic study of the relationship between the resistance of 
concrete to freezing and thawing and such characteristics of entrained 
air as void size, void concentration and uniformity of distribution is, 
at present, only feasible by the study of hardened concretes and may be 
conveniently and accurately performed by the camera lucida method. 


THE CAMERA LUCIDA METHOD 
Apparatus 


The method involves the use of a camera lucida in conjunction with 
a suitable microscope. A camera lucida is a mirror (or prismatic) at- 
tachment that permits the simultaneous viewing of both the specimen 
under the microscope and an enlarged area on which the actual micro- 
scopic observations may be accurately traced. By the use of this ap- 
paratus, an enlarged tracing is obtained of the air voids and aggregate 
particles in the suitably prepared surface of a hardened concrete specimen, 
The apparatus required consists of the following: 
(1) Diamond saw for cutting sections, 
(2) Glass or steel plane plates for grinding, 
(3) Grinding powders—the following have been found suitable: 
Coarse—Carborundum No. 500 
Medium—American Optical Co., Emery No. 303 
Fine—American Optical Co., Emery No. 305 
(4) Microscope capable of magnifications of 30 to 60 diameters 
(approximately doubled by camera lucida attachment) 
and illuminating lamp, 
) Camera lucida attachment, 
) Planimeter. 


(5 
(6 
Procedure 

It has been observed that differences in the air content and air void 
characteristics of concrete specimens may occur depending upon the 
location within the specimen. Therefore it is desirable to determine 
the air content and void characteristics of at least two separate polished 
sections from within a specimen to obtain optimum results although a 
section taken from the approximate center of a well-mixed specimen may 


suffice. 
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Each cut section is subjected to a series of grinding operations on hard 
plane glass or steel plates to yield a smooth and essentially plane sur- 
face using grinding powders similar to those indicated above. Denatured 
alcohol has been found satisfactory as a lubricating and dispersing 
medium during grinding and for washing the polished sections. This 
prepared surface may be observed directly, or, as has been found most 
convenient, treated with pigment to fill all observable air cells. This 
pigmentation is accomplished by rubbing and forcing the pigment 
into the prepared surface followed by the wiping of the surface so as 
to remove the pigment from the specimen face without cleaning it from 
the air voids. This pigmentation procedure renders the air cells more 
easily discernible and of sharper outline and avoids confusion with the 
small dark grains frequently found in cement paste. Red or orange 
oil pigments have proven suitable. 

It has been found convenient to define the observation field by out- 
lining a 3- or 4-in. square on the tracing paper, and to select microscopic 
lenses suitable for an overall magnification in the range of about 50 to 
90 depending upon the type of specimen to be observed. It is essential 
that the total magnification from specimen to tracing be determined in 
order that the average air void area and void concentration may be 
calculated properly. 

The specimen is observed through the camera lucida-microscope 
combination and all the air voids and aggregate particles within a field 
of selected and known dimensions are carefully outlined using different 
colors to distinguish the air voids from the aggregate particles. Three 
measurements are made on the traced field as follows: 


(1) The total area of the air voids in the selected field—by 
planimeter 
(2) If concrete, the total area of the aggregate particles in the 
selected field—by planimeter 
(3) The total number of discrete air voids observed in the se- 
lected field 

These measurements when combined with the dimensions of the 
observed area on the tracing and its equivalent in terms of the actual 
specimen size (from the overall magnification) are sufficient to calculate 
the air content, average void area and the void concentration for the 
observed area. 

It has been found desirable to determine and average the air content, 
void area and concentration of several different fields (at least four) of 
the same prepared section in order to obtain a reasonably accurate result 
for that section. Also, in order to reduce the effects of specimen manipu- 
lation (rodding, ete.), specimen depth, and any lack of uniformity arising 
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during mixing, it is desirable to repeat the procedure with another section 
taken from a different location within the same specimen. 
Calculations 
Air content—neat cement pastes and mortars 

The air content of neat cement pastes and mortars can be directly 
calculated as indicated below, providing that any aggregate particles are 
reasonably small and well distributed, or if a large number of fields are 
observed and the results averaged. 
LOOT A 
SP 





Air Content, percent by vol. = 


in which 
>A = summation of the total area in sq mm of air voids in 
observed fields of the same polished section, and 
=F = summation of the total area in sq mm of observed 


fields of the same polished section. 


Air content—concretes 

Although the observation and averaging of the results of a few fields 
(2 to 6) appears sufficient for the determination of the air content of 
pastes and mortars, the distribution of the larger aggregate particles 
in concrete varies appreciably from field to field and thus would require 
the observation of an excessive number of prepared specimens and of 
individual fields on each to assure a true statistical result. 


Therefore, in the determination of air content of hardened concrete 
it has been found expedient to calculate the air content on the contained 
paste basis from the observation of a few fields (about 4) and to relate 
this value to the air content of the concrete by means of the paste con- 
tent of the concrete mix, determined from the absolute volumes of the 
mix components. 

The air content of concrete determined in this manner is calculated as 
follows: 


. 100 K ZA 
Air content, percent by vol. = —* 


100 (3F-—SA—2G) + K >z 





*Derivation 


~— aT 


The total area of paste (excluding the air) is obviously 
2P =ZF —ZA .G 


Let z = unknown percent of air in concrete. 


00 — x) . , ‘ 
Then xan” = percent of paste in concrete as a whole (including the air) 
il a 2A K(100 —2) 

=P 100 


Solving for z, 
100 KZA 
100zP + KZA 
Substituting 2F — 2A — 2G for =P 
100 KZA 
=" 00(2F — ZA — 20) + KA 
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in which 


>A = as before 
=F = as before 
>G = summation of the total area in sq mm of aggregate in ob- 
served fields of the same polished section. 
K = percent of paste in air-free concrete 


Void concentration 

The void concentration may be expressed as the number of air voids 
per unit area of air free paste (per sq mm in the present study) in the 
concrete and may be calculated as follows: 
=N 


(SF —TA —2G) 





Voids per sq mm of paste = 


in which 


LA = as before 
=F = as before 
~G = as before 
=N = summation of total number of voids in observed fields of 


same polished section 


Average void area 
The average air void area may be conveniently expressed as the 
average cross sectional area (in sq microns) of the observed air voids 
and is calculated as follows: 
: ; : , xA 108 
Av. air void area in sq microns = ————~ 


SAT 
tet 


in which the symbols have their previous significance. 
Time requirements 


The actual rate at which the work could be performed and the length 
of time any rate could be maintained would depend upon the operator. 
An experienced operator should be able to determine the air content and 
void characteristics of two separate sections of concrete (four observation 
fields on each) during a normal working day. 


EXPERIMENTAL RESULTS 
Typical results 

Some typical observation fields obtained by the camera lucida 
method are shown in Fig. 1. Observations as illustrated by the examples 
given demonstrate that the air entrained in pastes, mortars and con- 
cretes is readily discernible, that all the entrained air is present as true 
air voids within the limits of experimental error and that this air occurs 
insmall but discrete air cells. 
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Study of concretes 
Effect of overall magnification on results 

The air content, void concentration and average void area were de- 
termined on the same section of concrete in order to evaluate the effect 
of total magnification on the results obtained. The experimental results 
of these tests as presented in Table 1 demonstrate that an overall mag- 
nification of at least 50 dia. is desirable to assure that all the air voids are 
discernible. 


TABLE 1—EFFECT OF MAGNIFICATION ON EXPERIMENTAL RESULTS 


Overall magnification 
Measurément on hardened 


concrete specimen 31 56 92 
Air content—vol. percent 1 69 5 5) 5.73 
Av. voids per sq mm paste 87 142 150 
Av. sq microns per void 2930) 1620 1600 


The variations observed between the results at 56 and 92 magnification 
are believed to be within the experimental error of the determinations. 
Each value was calculated on the basis of four observations. Magnifi- 
eations higher than about 100 dia. are not desirable because of the 
great variations which might occur between fields due to the small area 
of the actual field observed at such magnification. 


Duplicate observation of same field 

The accuracy of the overall technique of outlining a field under ob- 
servation and integrating the outlined areas of the air voids and aggregate 
particles was evaluated by repeating the procedure in duplicate on the 
same field. The results as shown in Table 2 indicate that the procedure 
has satisfactory reproducibility. It may be noted that the greatest 


TABLE 2—RESULTS OF DUPLICATE OBSERVATIONS ON SAME FIELD OF 
HARDENED CONCRETE SPECIMEN 


(rea, sq mm Per- 
No, of cent 
Test Au Age. Paste | voids alr, Av. sq microns Av. voids per 
cale, per void sq mm paste 
A 0,347 1. 560 1.4038 233 5.83 1490 166.1 
B | 0.339 | 1.509 | 1.372 | 220 | 5.82 1482 166.9 
Av. 0,343 | 1.579 | 1.387 231 5.825 1486 166.5 


deviation between the results occurred in the determination of the area 
of the aggregate within the field under observation. This is largely due 
to the difficulty encountered in visually determining the true aggregate 
outline. However, the error introduced in the calculation of air content 
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by a deviation of even this magnitude is secondary in relation to the 
differences encountered among different fields of the same specimen. 

The calculations of air content are only about 1/5 to 1/10 as sensitive 
to variations in area of the aggregate as to variations in area of air voids. 
The deviations that occurred in these determinations tended to counter- 
balance each other but the actual overall error introduced would have 
been small even if they had been additive. 


Comparison of different fields of same polished section of lest specimen 

As previously mentioned, considerable variation in air content and 
void characteristics is observed between different fields on the same 
specimen. This observed variation necessitates the averaging of the 
results for several fields in order to obtain a reasonably reliable overall 
result for the specimen. 

TABLE 3—COMPARISON OF DIFFERENT FIELDS OF SAME POLISHED 

SECTION OF HARDENED CONCRETE SPECIMENS 


| | 





Series No. of Percent air, Probable error | Probable error 
aser 
observa- mean of mean, of single 


Ref, No. tions | percent air observation, 
| percent air 


341-8-T 





4 2.28 0.67 | 1.34 
341-8-B 4 1.52 0.40 0.80 
341-8-Av. S 1,90 | 0.38 1.07 
341-10-T 4 3.97 | 0.57 1.13 
341-10-B 4 4.09 0.45 0.89 
341-10-Av. s 4.03 0.34 0.95 
343-15-E 4 6.17 | 0.41 0,82 
343-15-C 4 6.30 0.41 0). 82 
343-15-Av. 8 6.24 0.27 0.76 
343-3-E | 4 | 6.29 | 0.43 0.86 
343-3-C 4 | 6.57 0.43 0,86 
343-3-Av. | . | 6.43 0.29 0.83 
341-9-T | 4 8.40 0.74 1.49 
341-9-B 4 | 5.73 0.23 0.46 
341-9-Ay. | 8 7.06 0.48 1.35 
343-7-E 4 12.61 0.68 1.36 
343-7-C 4 12.43 1.12 2.24 
343-7-Av. x 12.52 0.61 1.7) 
343-10-F 5 16.44 0.57 1.27 
343-10-C 4 | 16.31 1.33 2.67 


343-10-Av. 9 16,38 0.63 1.87 
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The deviations between observation fields may be expressed in terms 
of the probable error of both the mean and individual results as shown 
in Table 3. 

It may be noted by comparison with Table 9 that the calculated 
probable error of the mean result is more than the deviation between the 
camera lucida results and the average air content determined by other 
methods except for Ref. No. 343-10. Since the air content actually 
varies between fields and therefore repeated observations are not nec- 
essarily observations of similar fields, it is believed that the probable 
errors as calculated serve most usefully as an indication of the reliability 
of the results and of the uniformity of distribution of the air voids. 


Variation of air content and void characteristics with location of polished 
section in test specimen 

The air content and void characteristics were determined on two 
separate polished sections from different locations within each specimen 
from Series 341 and 343. The average results are shown in Tables 3, 5 
and 9. The results obtained for the individual sections as well as the 
location of each in the test specimen are shown in Table 4, 

The results indicate that differences in the air content and air void 
characteristics may occur depending upon the location within the speci- 
mens. Specimens in Series 343, for which the concrete was mixed for 


TABLE 4—COMPARISON OF RESULTS OBTAINED AT DIFFERENT LOCATIONS 
WITHIN CONCRETE SPECIMENS 


| | 


| No.of | Av. sq Av. 


Series and Specimen Location of — |Percent| fields | microns| voids 
Ref, No. type section | air | observed void | sq mm 
ideterm, | paste 
$41-8-T | 6X12 in. cyl. 2 in, from top 2.28 | 4 1010 | =O 
S41-8-B “bottom | 1,52 | 4 970 62 
| | j 
341-10-T oi | 2 in, from top 3.97 | 4 1440 114 
341-10-B " * bottom 4.09 4 1260 134 
$41-9-T % 2 An, from top | 8.40 4 2340 154 
341-9-B “ | “bottom | 5.73 4 | 1609 150 
$43-3-E | 3X3 111¢ prism | 2 in. from end 6,29 | 4 | 1630 154 
343-3-C " | near center 6.57 4 | 1900 138 
343-15-5 * | 2 in. from end | 6.17 | 4 | 1550 159 
343-15-C } ” near center 6.30 | 4 1500 168 
343-7-1 " 2 in. from end | 12.61 4 | 1880 276 
343-7-C " | near center | 12.43 | 4 | 1850 276 
$43-10-1 “s 2 in. from end | 16.44 5 | 2500 267 


$43-10-C 4 near center 16.31 4 | 1880 355 
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five minutes and from which all sections were taken at approximately 
the same depth below the top surface, show little variation in air content 
with horizontal location, the differences observed being within the range 
of experimental error. Sections taken at different depths in specimens 
from Series 341, which were mixed for two minutes, show an appreciable 
difference in air content, particularly Specimen 341-9. The large diff- 
erence observed with this specimen cannot be completely accounted for 
on the basis of the compression resulting from the overlying concrete 
and may be due to manipulation (rodding, etc.) or insufficient mixing 
the effects of which would be accentuated within the small areas actually 
observed under the microscope. 

The results indicate that it is desirable to determine the air content 
and void characteristics of at least,two separate polished sections within 
a specimen to obtain optimum results although a section taken from the 
approximate center of a well-mixed specimen may suffice. 

Variation of average air void area and concentration with air content 

The specimens selected to study the area and concentration of air 
voids in hardened concrete represent an appreciable range in the manner 
of mixing and in the composition of the concrete. The air void con- 
centration and average void area of the specimens were determined 
simultaneously with the determination of total air content and are shown 
in Table 5 and Fig. 2 and 3. 

Although there was considerable variation in the manner of preparation 
of the concretes the results obtained for air-void concentration and 
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Fig. 2 (left)}—Comparison of void concentration ond air content of hardened concrete 
Fig. 3 (right)}—Comparison of average void area and air content of hardened concrete 
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average void area show a good relationship to the total amount of en- 
trained air. As the air content is increased, both the void concentration 
and the average void area increase. It particularly should be observed 
that the determined void concentration of the specimens appears to be 
almost a linear function of the air content of the concrete (Fig. 2). Al- 
though the number of tests represented is not large, it would appear 
justified to assume that the air cell structure developed was not unduly 
altered by any of the variations in mixing conditions and composition 
that occurred. 


TABLE 5—VOID CONCENTRATION AND AVERAGE VOID AREA IN 
CONCRETE SPECIMENS 


Series and reference numbers 


341-8 |N.D..3'341-10/3843-15) 348-3 | 341-9 | 343-7 |843-10 


Air content, percent, camera 


lucida method, . . 1.90 | 4.038 4.03 | 6.24 6.48 | 7.06 | 12.52) 16.38 
No. of voids per sq mm 

paste 76 6 124 163 146 152 276 312 
Av. void area, sq microns, Q00 1740 | 1850 | 1520 | 1770 | 1970 | 1870 | 2190 
Air-entraining agent none \ \ B © C & Cc 
Condition of aggregate wet wet dry dry wet dry dry 
Type of mixer \ B \ C C \ © C 
Mixing time, min 2 2 5 5 2 5 5 
Mix proportions a 11.95 1-1,.95 1-1.84)1-1,84)1-1.95)1-1.33)1-0.81 

3.62 3.62) —3.58) —3.58] -~3.62) -3.56) -3.58 


Variation of the air void size distribution with air content 

Four specimens were studied to reveal the changes in void size distribu- 
tion and the total amount of air attributable to the voids with various 
diameter ranges that occur as increasing tota! amounts of air are en- 
trained, The results, presented in Table 6 were calculated on the basis of 
observations on only a single field for each specimen and therefore are 
only of qualitative significance. It should be understood that the air 
void diameters as referred to are meant only to indicate the average 
diameter of the truncated section of the air voids exposed in the surface 
of the specimen. If the air voids are nearly spherical (as most of the 
small voids appear to be) then the void diameters indicated would 
average approximately 80 percent of the diameters of the true air spheres, 
this factor representing the approximate ratio of the average of the 
diameters (or areas and hence diameters) of an infinite number of random 
planes through a sphere to the true diameter of the sphere. 
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It can be observed that the air void size distribution changes appreci- 
ably with increasing air entrainment. The specimen containing the 
least air was predominantly of very small voids but as the air content 
increased the preponderance of the voids shifted towards the larger 
sizes as was also observed in Table 5. The data show that the entrained 
air voids are not of any characteristic single size and have reasonable dis- 
tribution throughout the range but are predominantly less than about 
50 microns in diameter. 


TABLE 6—APPROXIMATE VOID SIZE AND VOLUME DISTRIBUTION 
IN CONCRETE SPECIMENS 


Series and field reference number 














Void dia. 341-8-B-8 | 341-10-B-6 | 341-9-B-A | 343-10-E-3 
range — | j 

microns % Air |\% of voids} % air |% of voids| % air \% of voids! % air |% of voids 
0-15 0.12 56 | 0.11 33 | 0.04 11 | 0.07 11 
15-25 0.24 29 ~#| 0.39 31 0.57 51 | 0.88 | 35 
25-50 0, 28 10 86(1.15| 2 0.98 25 3.24 35 
50-75 0.34 4 |0.71 | 6 0.73 | 7 #+(|2.67!| 10 
75-100 0.22 1 0.62/ 3 0.52 2 | 1.88 bi 
100-150 0.00 0 0.32 | l 1.06 | 3 |3.14 2 
150-200 0.00 0 0.00 | 0 1.04 | 1 | 3.35 2 

+200 0.00 0 0.00 | 0 | 0.86 | 1 | 4.17 | | 
Total air % | 1.2 - 13.8 | 5.8 18,4 | 








Included in Table 6 are the approximate individual contributions of 
the air voids of various diameter ranges to the total air content of the 
concrete, Although the void size distribution changes appreciably with 
air content, it is apparent that little change occurs in the concentration 
and total volume of the voids having a diameter less than approximately 
15 microns. 


Number of air voids per unit volume 

The preceding discussions have indicated that the preponderance of 
the air voids entrained in concrete are very minute without reference to 
the total number of these minute voids in a unit volume of the concrete. 

The number of air voids in a unit volume may be estimated from the 
determined air content of the concrete and the corresponding average 
void area assuming that the air voids are true spheres. The average 
volume contribution of each void may be estimated from the average 
void area and as the total volume of air per unit volume of paste or con- 
crete is known the total number of voids may be calculated directly. 

The results of calculations of this type, shown in Table 7, indicate 
that as many as about 400 to 600 billion air voids are entrained in 4 
single cu yd of concrete containing air in the range of 3 to 6 percent. 
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TABLE 7—THE NUMBER OF AIR VOIDS PER UNIT VOLUME 


Series and Ref. No. 


Calculation | 


341-8 | 341-10 | 343-15 


Air content of concrete, percent 1.90 | 4.03 | 6.24 
Air content of contained paste, percent 6.7 |14.3 | 20.0 

No. of voids per sq mm of paste 76 | 124 | 163 
No. of voids per cu mm of paste 1560 | 2100 | 2440 
No. of voids per cu yd of concrete, billions 340 450 | 580 


The paste content of concrete 

The results obtained by the camera lucida method were calculated on 
the basis of the air-free paste content of the concrete by means of the 
original mix composition. Fortunately, the paste content of the usual 
concrete mixes is relatively insensitive to wide variations in cement and 
water content as for example, the paste contents of 2-3 in. slump con- 
eretes made with 1!'4-in. gravel aggregate and having cement contents 
of 5, 6 and 7 sk per cu yd are 23.6, 25.4 and 27.6 percent respectively. 
This relative constancy in paste content permits an assumption as to the 
paste content for concretes in which the mix composition is unknown in 
order that the air content may be calculated within reasonable limits of 
accuracy. ‘Table 8 compares the air contents of the specimens studied 
as calculated both on the basis of the actual paste content and an assumed 
paste content of 25 percent by volume. 


TABLE 8—COMPARISON OF RESULTS CALCULATED ON THE BASIS OF 
ACTUAL PASTE CONTENT ae PASTE CONTENT OF 


(Nominal 6 sk per cu yd) 


Air content, percent 
Series & 


Ref, Mix Sand | Actual | Cale. on | Cale, on 
No, ratio, wt, wt., | paste™),| actual (25 percent) Diff. | percent 
percent) percent paste paste diff. 
341-8 1-1.95-3.62 35 25.7 1, 90 1.85 0.05 2.6 
341-10 ” 35 25.2 1.03 1.00 0.038 0.7 
343-15 1-1.84-3.58 34 26.7 6), 24 5.86 0.38 6.1 
343-8 y 34 26.7 6.43 6.05 0.38 5.9 
341-0 1-1.05-3.62 35 25.4 7.06 6.96 0.10 1.4 
343-7 1-1.33-3.56 27 27.8 12.52 11.41 1.11 8.8 
843-10 1-0,.81-3.58 18 20.3 16.38 14,32 2.06 12.6 


() Neglects bleeding 


It should be observed that only a small difference is introduced by 
using an assumed paste content for the usual concrete mixes as repre- 
sented by the specimens from Series 341. Specimens from Series 343, 
particularly those having air contents well above the acceptable range 
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represent mixes in which the sand content was drastically reduced to 
compensate for the high air content, and would not be encountered in 
normal concreting practice. 


Bleeding of the concrete, variations in sard content and abnormalities 
in aggregate absorption would affect the paste content of the concrete 
to only a minor extent. In genera!, it would appear satisfactory to 
assume a paste content of 25 percent for structural and paving concretes 
in which the actual composition is unknown. For such an assumption 
the percentage error introduced in the calculated air content is about 
equivalent to the percentage deviation of the paste content of the con- 
crete from the assumed 25 percent value. Therefore, an error of about 
+ 1.5 percent in paste content would produce an error of about +0.3 per- 
cent in the calculated air content of a specimen containing 5 percent of 
air. 


Any assumptions regarding the paste content of the concrete do not 
affect the calculated results for average void area or void concentration. 


Comparison with other methods 


The specimens selected in this study permit the comparison of the 
air contents determined by the camera lucida method on hardened con- 
cretes with results obtained by other methods applied to the same con- 
cretes while in the plastic state. 


The several methods applied to the plastic coneretes of Series 341 
specimens represent modified methods under study in this laboratory 
and are believed to yield results of high quality. The air contents of 
the Series 343 specimens were determined by the A.S.T.M., C138-44 
gravimetric method. The comparisons of the air contents as deter- 
mined by the different methods extend over an appreciable range in air 
content and are shown in both Table 9 and Fig. 4. 


TABLE 9—COMPARISON OF AIR CONTENTS OF CONCRETE AS DETERMINED 
BY DIFFERENT METHODS 





Series and reference number 


Method employed | 341-8 |341-10| 343-3 |343-15] 341-9 | 343-7 |343-10 
Stirring 210 — | — | 7.05 
Rolling 1.78} 4.05) — | — | 6.58 
Pressure 1.98 4.138, — | - 6.60! 
Gravimetric ee ee | 6.2| 64| — | 12.9] 18.0 
Av. of above methods 1.63) 4.14) 6.2 6.4 | 6.74) 12.9) 18.0 
2.52) 16.38 


Camera lucida method | 1.90) 4.03) 6.43) 6.24) 7.06) 1: 
Deviation (camera lucida method | 


minus average of other methods) |+0.27|—0. 9% eae 








—0. 16) +0. 32| —0.38) —1.62 
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The results demonstrate that the air contents of hardened concretes 
as determined by the described camera lucida method are in agreement 
with those determined by other methods applied to the plastic concretes, 
within their limits of error. The only significant discrepancy was ob- 
served in the determination of the air content of specimen 343-10. The 
air content of this specimen as determined by the camera lucida method is 
significantly below that determined by the gravimetric method. This 
discrepancy is not believed to be predominantly due to errors in the 
camera lucida method but rather due to segregation during mixing or 
most probably to some error introduced into the gravimetric method by 
the exceptional stickiness of this particular concrete mixture. 
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Discussion of a paper by George J. Verbeck: 


The Camera Lucida Method for Measuring 
Air Voids in Hardened Concrete* 


By ELLIOT P. REXFORD and AUTHOR 


By ELLIOT P. REXFORDT 


Mr. Verbeck’s method of quantitatively determining the relative 
amount of void space in a hardened concrete by the use of a camera 
lucida and planimeter is a very interesting contribution to the problem 
of determining air entrained in concrete. During the past several years, 
this writer has had occasion to make quantitative estimates of the 
“void content’, together with the fine aggregate and cement paste 
contents, of numerous hardened concretes. Very often the work was 
in connection with air entrainment, and it was thought that the methods 
used for this work might be of interest here since they differed some- 
what from that described by Mr. Verbeck. 

Four microscope methods for determing void contents and the com- 
positions of hardened concretes have been used by this writer, all of 
which are somewhat related but differ in degrees of accuracy, speed of 
performance, and type of equipment. The four methods are designated 
here as methods A, B, C and D for convenience and are described briefly 
in the following paragraphs. Of the four methods, A, B and C must be 
considered as giving only approximate results which, however, are suffi- 
ciently accurate for many purposes. Method D will give very accurate 
results and is probably the only one of the four methods which is directly 
comparable in apparent accuracy to the camera lucida-planimeter 
method. 

Method A—This method is by far the least accurate of the four meth- 
ods but it has certain advantages in being relatively quick and requiring 
a minimum of equipment. It can be performed by laboratory personnel 
who are not familiar with high-power microscope technique and the results 
~*ACI Jor RNAL, May 1947, Proc. V. 43, p. 1025. 


: a, Petrography Section, South Pacific Division Testing Laboratory, Corps of Engineers, Los Angeles 
alif, 
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are usually sufficiently accurate for general information or comparative 
purposes. In this method, a flat, smooth surface is cut or ground on a 
large specimen of concrete, preferably a 6-in. diameter core or cylinder, 
The surface must be ground carefully and in such a manner as not to 
chip the edges, or otherwise enlarge the voids. A series of five horizontal 
and five vertical, evenly spaced lines are drawn carefully on the ground 
surface and the lineal intercepts of the voids are measured by hand with 
an accurate millimeter scale or one graduated into hundredths of an 
inch. In making the measurements, it is best to place the ground surface 
under a low power microscope and to measure the lineal intercepts of 
the voids on the scale at magnifications of 5 to 10 diameters. In this 
manner, voids smaller than one gradation of the scale can be estimated, 
The number of units measured across the voids encountered along a 
traverse line are accumulated on a hand tally. By measuring the total 
number of units along all of the traverse lines and the number of units 
covered by the voids located on the traverse lines the percent of voids 
can be calculated. With this method, large voids due to bridging of 
aggregate pebbles or other causes may be included in the total void 
count if desired. On the other hand, the smallest of the air-entrained 
voids are usually lost because of the low magnification and the limita- 
tions of the scale markings. However, estimates of the total lineal 
intercepts of the smallest voids can often be made and the final results 
should not be too far from the actual. Quantitative estimates of coarse 
aggregate and cement mortar can also be made in the same manner. 

Method B—This method is a modification of method A in that the 
same type of specimen is used but in this case the ground surface is 
photographed. For photographing, the specimen is illuminated by a 
beam of light which strikes the surface at an oblique angle. When the 
specimen surface is smooth and the light strikes it at a suitable angle 
the voids are marked by a fine, half-moon shadow which is easily identified 
in the photograph, while aggregate particles and cement paste show no 
such shadow. The photograph may then be enlarged (photographically) 
and the series of five horizontal and five vertical, evenly spaced traverse 
lines drawn on the enlargement. The lineal intercepts are then measured 
on the enlargement and calculated to a percent basis as in method A. 
This method also may be used to determine the relative amounts of 
coarse aggregate and mortar, while the fine aggregate, cement paste and 
voids are more accurately determined by method C. 

Method C—This method is used for relatively accurate determinations 
of the voids or constituents of the mortar in a concrete. It consists of 
taking a series of photomicrographs of a thin section or a small polished 
section at sufficient magnification to make the smallest voids clearly 
visible in the photomicrograph. If thin sections are used with a petro- 
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graphic microscope, the voids are most distinctive if the polarizing 
Nicols are partially but not entirely crossed. The photomicrographs 
may be enlarged photographically and the void content determined as 
in method B. A planimeter could be used with this method instead of 
the scale. Since this method has the advantage of magnification under 
the microscope plus a photographic enlargement, the smallest voids can 
readily be included in the determination. The limitations of the method 
again lie in the scale used to measure the lineal intercepts. Both this 
and method B require the facilities of a well-equipped photographic 
dark room. If these facilities are readily available and a routine is once 
established, the photographs can be taken and the determinations made 
quite rapidly by persons not particularly familiar with petrographic 
microscope technique. 

Method D—Of the four methods, this is the most accurate and is 
probably the one most comparable in results to Mr. Verbeck’s camera 
lucida method. In place of the planimeter used by Mr. Verbeck, this 
method makes use of a multiple spindle integrating stage, graded to 
0.005 millimeters, in conjunction with a petrographic miscroscope. One 
relatively inexpensive integrating stage which has been found to be very 
satisfactory for this purpose is known as the Wentworth-Hunt recording 
micrometer. A carefully prepared thin section of the concrete mortar 
is placed on the integrating stage attached to a suitable microscope, 
preferably a petrographic microscope, and ten traverses (five horizontal 
and five more after rotating the specimen 90 degrees) are made. Each 
spindle of the integrating stage is allocated to a different constituent 
in the mortar, e.g., the first spindle might be allocated to fine aggregate, 
the second to voids, the third to cement paste and so on. The thin 
section is placed on the stage so that the cross hairs of the microscope 
ocular are directly above the exact edge of the mortar specimen. The 
traverse is then made by turning each spindle as its designated consti- 
tuent comes under the cross hairs of the microscope. As an illustration, 
it might be assumed that a fine aggregate grain lies at the edge of a thin 
section and that it is followed in turn along a selected traverse line by a 
void and an area of cement paste. In making the traverse the spindle 
allocated to fine aggregate would be turned moving the specimen under 
the cross hairs until the cross hairs were over the opposite edge of the 
fine aggregate grain. The spindle reserved for voids would then be 
turned until the far edge of the void was reached, followed by the spindle 
designated for cement paste, and so on to the end of the traverse line 
at the far edge of the specimen. The total lineal intercepts of each con- 
stituent are then read directly in 0.005 millimeters on the designated 
spindles and calculated to a percent basis. The number of thin sections 
required to represent a given concrete for this type of analysis, is variable 
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and depends on the uniformity of the specific concrete and the accuracy 
required. Within limits the greater the number of thin sections, and for 
that matter traverses per thin section, the greater the theoretical accuracy 
of the results. However, in actual practice, it has been found that, in 
general, increasing the thin sections above five and the traverses per 
thin section above ten does not increase the accuracy sufficiently to 
justify the added amount of work. Only in a few instances, where a 
variable concrete was involved, was it found desirable to measure more 
than five thin sections, while in many cases three thin sections were 
ample to give reproducible results on a comparatively uniform concrete 
mortar. With a little experience the operator can generally estimate 
the number of thin sections necessary to obtain sufficiently accurate and 
reproducible results for a specific sample. 

The integrating stage, in this writer’s opinion, has an advantage over 
the camera lucida method in that an entire thin section can be analyzed 
directly instead of several relatively small selected areas of that specimen, 
Although the human factor may enter somewhat in the selection of the 
specimens for thin sections, it is far less affective than in the selection 
of specific fields under the microscope where the more spectacular rather 
than the more representative fields strike the eye. 

It probably should be mentioned also that none of these methods are 
fundamentally new. The camera lucida method was employed in 1889 
by W. J. Sollas' to determine the composition of granites; August 
Rosiwal? applied the lineal intercept method, now generally known as 
the ‘‘Rosiwal method,” for determining the mineral composition of rocks 
in 1898, and in 1903-5 J. Joli® applied photographic methods to deter- 
mining the proportions of hard and soft constituents in paving materials. 
Many other workers have used these basic methods, made modifications 
in the procedures, and developed different means of measuring or deter- 
mining compositions of various heterogenous materials and the above 
described methods are only modifications of the basic principles applied 
to a specific use. Each method has certain advantages depending on the 
apparatus available and the desires of the individual operator. 


AUTHOR'S CLOSURE 


Mr. Rexford is to be commended for the contributions contained in 
his discussion of the paper. It demonstrates that there are several 
combinations of techniques and apparatus that may be used to estimate 
the void content of hardened cement products. Some of these tech- 
niques were considered in this laboratory prior to the use of the camera 
lucida-planimeter method. There are many factors influencing the 
selection of a method, primary of which is the type of results desired. 
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In this laboratory it was desired that the method should be accurate, 
particularly in the determination of air content and should also reveal 
the manner of distribution of the air voids throughout the paste and 
around aggregate particles, the general void size distribution and the 
average void size and concentration. 

The camera lucida-planimeter method suitably fulfills these pre- 
requisites and the apparatus required is simple, easy to operate, relatively 
inexpensive, and-more generally available than might be a petrographic 
microscope, a multiple spindle integrating stage or a well-equipped 
photographic dark room. 

In general, the selection of a suitable technique would depend upon 
the degree of accuracy required, the degree of interest in the corollarly 
determinations of the void distribution and size, equipment readily 
available in the laboratory and, of course, on the personal preference 
of the operator. 
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Distribution of Bond Stress in Concrete Pull-Out 
Specimens* 


By DAVID WATSTEINt 


Member American Concrete Institute 


SYNOPSIS 


The purpose of this investigation was to determine the effect of 
length of embedment and the kind of deformation pattern of the rein- 
forcing bar on the distribution of bond stress in pull-out specimens. 
Twenty-five specimens 6-in. in diameter by 8-in. long and twenty-five 
specimens 6-in. in diameter by 12-in. long, containing 34-in. diameter 
round bars of five different types were tested. 


The bond stresses in the 8-in. specimens were considerably more uni- 
form along the length of the bar than were those in the 12-in. specimens. 


The bond stresses increased most rapidly with slip at the loaded end 
of the bars and, in general, least rapidly at the freeend. This divergence 
of the values of bond stresses for a given slip was more pronounced for 
the longer lengths of embedment. 


INTRODUCTION 


The present report on the distribution of bond stresses in pull-out 
specimens is a continuation of a previous investigationf{ in which pull-out 
specimens of only one length (18 in.) were tested. The data in the 
present report were obtained several years ago, but other work of urgent 
nature prevented their immediate publication. This lapse of time 
accounts for the absence in this paper of the improved reinforcing 
bars developed during the war. 

In the current report, the distribution of bond stress was determined 
for five types of reinforcing bars embedded in cylindrical pull-out 
specimens 6 in. in diameter and 8 and 12 in. in length. Twenty-five 
specimens with each length of embedment were tested. Four of the 





*Received by the Institute July 6, 1945. ; 
{ipeinesr, National Bureau of Standards, Washington, D. C. 5 

y “Bond Stress in Concrete Pull-out Specimens,"’ by David Watstein, ACI Journat, Sept. 1941, Proc. 
. 38, p. 37. 
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bars were deformed and one was a plain hot-rolled bar. Concrete of 
the same proportions was used throughout and all specimens were 
moist cured until test at the age of 28 days. 


MATERIALS 
Reinforcing bars 
The bars, of five types, are shown in Fig. 1. The average diameters 
of the deformed bars were determined from the length and weight 
measurements of the bars, and the diameter of the plain bar was measured 





B A D E F 
Fig. 1—Reinforcing bars. 


TABLE 1—MECHANICAL PROPERTIES OF THE REINFORCING BARS 








Type of Diameter, Yield Tensile 
bar* in. point, strength, 
psi psi 

B 0.76 50,000 88,000 
C 0.75 43,000 74,000 
D 0.75 48,000 80,000 

y 0.74 45,000 75,000 
F 0.74 48,000 84,000 














*The designation of bars is the same as that previously used by the author. See footnote f p. 1041. 
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Fig. 2 (left)}—8-in. pull-out specimen with strain transfers and Tuckerman gages mounted. 


Fig. 3 (right)}—12-in. pull-out specimen with strain transfers and Tuckerman gages mounted. 


with micrometer calipers. The yield points of the bars were determined 
by the ‘‘drop-of-the-beam’”’ method in a 100,000-lb. capacity testing 
machine of the beam-and-poise type. 

The mechanical properties of the bars are given in Table 1. 
Concrete 

The concrete was proportioned by weight in the ratio of 1:2.9:4.1 
(4.8 bags of cement per cu yd); the water-cement ratio was 0.71, equiva- 
lent to 8 gal of water per bag of cement. The aggregates were Potomac 
River sand and gravel with maximum size of gravel of 34 in. The slump 
of the concrete was about 2 in. 

The average compressive strength of the moist cured concrete was 
4,080 psi at 28 days. 


DESCRIPTION OF TEST SPECIMENS, STRAIN TRANSFERS AND TESTING 
PROCEDURE 


Description of pull-out specimens 


The pull-out specimens shown in Fig. 2 and 3 were 6- by 8-in. and 
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6- by 12-in. cylinders with centrally placed reinforcing bars. The 
specimens were cast vertically with the free end of the bar uppermost; 
the concrete was deposited in three layers and compacted into place 
with an internal vibrator. 


Eight openings were provided in each specimen to expose the embedded 
bar at gage points and to permit the measurement of strain in the steel. 
These openings were made by 4- by %-in. steel keys cast into the 
concrete which were later removed from the concrete. These keys were 
held in place at one end by slots in the mold while the other ends were 
equipped with ;-in. pins fitted into ;¢-in. holes drilled in the side of 
the embedded bar. These holes served as gage points for the strain- 
transferring device inserted into the openings in the concrete prior to 
the test. 


Strain transfers 

The tensile strain in the embedded bars was measured with 2-in. 
Tuckerman strain gages mounted on strain-transferring devices illustrated 
in Fig. 2 and 3 and shown in detail in Fig. 4. The strain transfer con- 
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Fig. 4—Strain transfer with Tuckerman gage attached 
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sisted of two steel rings with an inside diameter of 6% in. supported 
by the embedded bar through Y¢ by \4-in. supporting levers tipped 
with hardened steel bearing points. The rings were held apart at a 
fixed distance of 2 + 0.005 in. with a pointed pivot post at one point, 
and a 2-in. Tuckerman gage was mounted diametrically opposite the 
pivot post. 

The strain transfers were calibrated against two 2-in. Tuckerman 
gages by observing alternately the load-elongation characteristic of a 
34-in. diameter bar with the strain transfer and with a pair of Tuckerman 
gages. Each transfer was calibrated eight times and the variations 
of the calibration factors from the mean values were within +0.5 and 
+(.2 percent for transfers No. 1 and No. 2, respectively. 

Two strain transfers were used on both the 8-in. and the 12-in. speci- 
mens; the center of each of the 2-in. gage lines was 244-in. from the 
nearer end of the specimen in the shorter specimens and 4 in. in the 
longer specimens. 

Testing procedure 

The bearing surfaces of the cylindrical pull-out specimens were cast 
against the machined steel bottom plate of the mold and required no 
capping. The specimens were supported during the test on a spherical 
bearing block having a 1-in. hole in the center and were tested in a 
100,000-lb capacity testing machine of the beam-and-poise type. The 
strain transfers were mounted after an initial load of about 200 lb was 
applied and the machine motor was idled for several minutes to allow 
the vibration of the machine to seat the strain transfers. Thereafter 
the load was applied in increments of about 2,000 lb. It was found 
necessary to shut off the motor of the testing machine while taking 
strain gage readings on account of the sensitivity of the strain transfer 
to vibration of the machine. The strain transfers were dismounted at 
loads considerably below anticipated maximum loads in order to avoid 
possible damage to the device by shock occurring in the event of failure 
of specimens by splitting. 

The slip of the free end of the bar was observed with a 0.0001-in. 
micrometer dial supported on top of the specimen, and adjacent to the 
free end of the bar. 


RESULTS AND DISCUSSION 
Distribution of tension and bond stress 
The curves in Fig. 5 and 6 show the distribution of tension in the 
bars embedded in 8- and 12-in. pull-out specimens, respectively, while 
Fig. 7 and 8 show the distribution of bond stress in these specimens. 
The tension in the bars was computed from the observed strains and 
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Fig. 5—Distribution of tensile stress in bars embedded in 8-in. pull-out specimens. 


The values of stresses were determined only at two points in the interior of the concrete specimens, but for the 
purpose of averaging the data for individual specimens, values of stress at the quarter points of the bars and 
at the mid-points were interpolated. 


Note that vertical scale for Bar B is double that for other bars. 
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Fig. 6—Distribution of tensile stress in bars embedded in 12-in. pull-out specimens. 


The values of stresses were determined only at two points in the interior of the concrete specimens, but for the 
purpose of averaging the data for individual specimens, values of stress at the quarter points of the bars and 
at the mid-points were interpolated. 


Note that vertical scale for Bar B is double that for other bars. 


the moduli of elasticity determined for each test bar. The data in Fig. 
5 through 8 show three points between the loaded and free ends of the 
embedded bars, whereas only two strain gage lines were used to determine 
the distribution of stress in these bars. The reason for this discrepancy 
is that in reduction of the data it was found convenient to choose three 
uniformly spaced points along the length of the bar for the purpose of 
averaging the data for the individual specimens. It is noted that, 
while five specimens of each length and for each type of bar were tested, 
the curves represent fewer specimens, since a considerable number of 
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Fig. 7—Distribution of bond stress in 8-in. pull-out specimens. 


The values of stresses were determined only at two points in the interior of the concrete specimens, but forthe 
purpose of averaging the data tor individual specimens, values of stress at the quarter points of the bars and 


at the mid-points were interpolated. 
Note that vertical scale for Bar B is double that for other bars 


specimens were rejected. The largest number of rejections of specimens 
was caused by incompleteness of strain data, due mainly to imperfect 
centering of strain transfers in the openings in the concrete and accompa- 


nying interruption of operation of the strain transfers. 


A few specimens 


were discarded after plotting of data revealed extremely. erratic load- 
strain relationship for some gage lines. One specimen was discarded on 
account of the presence of a plug of concrete in one of the openings for 


strain-transfer supporting levers. 
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Fig. 8—Distribution of bond stress in 12-in. pull-out specimens. 
The values of stresses were determined only at two points in the interior of the concrete specimens, but for the 


purpose of averaging the data for individual specimens, values of stress at the quarter points of the bars and 
at the mid-points were interpolated. 


Note that vertical scale for Bar B is double that for other bars. 


The bond stresses shown in Fig. 7 and 8 were estimated from the 
slopes of the curves in Fig. 5 and 6 and the perimeters of the bars.* The 
graphical work of estimating these slopes was checked by computing 
the areas under the bond stress distribution curves, which when multi- 
plied by the perimeter of the bars must be equal to the corresponding 
loads applied to the bar. 


It was observed, in Fig. 7 and 8, that the bond stresses in the 8-in. 
specimens varied considerably less along the length of the bar than was 
the case with the 12-in. specimens. The ratio of the bond stress at the 
loaded end of the bar to that at the free end for an applied load of 12 

*The perimeters of the bars were computed from their diameters given in Table 1. The diameters of 


the deformed bars were determined from their length and weight measurements, and the diameters of 
the plain bar were measured with micrometer calipers. 
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Fig. 9—Variation of bond stresses at five uniformly spaced points along the embedded 
bars with slip at those points (Bars C and D). 


The values of stresses were determined only at two points in the interior of the concrete specimens, but for the 
purpose of averaging the data for individual specimens, values of stress at the quarter points of the bars and 
at the mid-points were interpolated. 


Note that vertical scale for Bar B is double that for other bars. 


kips (27,200 psi) varied from 1.5 to 2.3 with the 8-in. specimens, and 
from 2.7 to 3.8 with the 12-in. specimens, for deformed bars C through F. 

Fig. 9 and 10 illustrate the relationship between the bond stresses at 
various points along the bars and the corresponding values of slip at 
those points.* The bond stresses increased with slip most rapidly at 
the loaded end of the bar and, in general, least rapidly at its free end. 
This divergence of the values of bond stress for a given slip, at the two 
ends of the bar, was more pronounced for the longer lengths of embed- 


*The values of slip were computed from the observed tensile strains in the steel and estimated compressive 
strains in the concrete. 
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Fig. 10—Variation of bond stresses at five uniformly spaced points along the embedded 
bars with slip at those points (Bars E and F). 


The values of stresses were determined only at two points in the interior of the concrete specimens, but for the 
purpose of averaging the data for individual specimens, values of stress at the quarter points of the bars and 
at the mid-points were interpolated. 


Note that vertical scale for Bar B is double that for other bars. 


ment. The variation of bond stress with slip observed in the previous 
investigation of 18-in. pull-out specimens* and also showmr in Fig. 
and 10 was found to be in accord with the trend of the data obtained 
in the current study of 8- and 12-in. pull-out specimens. 


A summary of average bond stresses corresponding to “first slip at 
the free end of bar” (taken as 0.0001 in.) together with average bond 
strengths is given in Table 2. In view of the fact that most of the speci- 
mens failed by yielding in tension, the bond strengths in Table 2 are 
& measure of yield strengths of the bars rather than of their bonding 
capacity. 


*See footnote t p. 1041. 
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TABLE 2—AVERAGE BOND STRESSES AT FIRST SLIP* 
AND AT MAXIMUM LOAD 



































8-in. pull-out specimens 12-in. pull-out specimens 
Bar | Bond stress | Bond Manner of | Bond stress Bond Manner of failure 
at first slip, | strength, | failure at first slip, | strength, 
psi psi psi psi 
225 385 Bond 215 325 3ond ; 
c 310 980 | Yieldedin| 310 725 | Yielded in tension 
tension or 
split 
D| 305 1,085 ee ee 720 | ” 
E 340 1,030 | Yielded in| 265 695 ” ; 
tension 
F 230 | 995 | Split | 250 720 | ” 





*First slip was taken as a movement of 0.0001 in. of the free end of the bar. 


SUMMARY 


In general, the results obtained in this investigation with 8- and 
12-in. pull-out specimens confirmed the previous findings with 18-in. 
specimens in which the same types of reinforcing bars were used. 
In the following summary only those results are recapitulated which 
were not previously reported in a similar study. * 


1. The bond stresses along the length of the bars varied considerably less in the 


8-in. 
2. 
and, 
3. 


specimens than was the case with the 12-in. specimens. 


The bond stresses increased with slip most rapidly at the loaded end of the bar 
in general, least rapidly at its free end. 


The variation of bond stress with slip observed in the previous investigation of 





18-in. specimens for several points along the bar was compared with that observed 
in the current study of 8- and 12-in. specimens. It was observed that the divergence 
of the values of bond stress for a given slip at the two ends of a given bar, increased 
with length of embedment. 


*See footnote ft p. 1041. 
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Development and Study of Apparatus and Methods 
for the Determination of the Air Content of 
Fresh Concrete* 


By CARL A. MENZEL} 


Member American Concrete Institute 


SYNOPSIS 


This paper describes new apparatus and methods developed for the 
determination of the entrained air content of fresh concrete. The test 
methods developed are based on two different principles, neither of 
which requires weighing scales: (1) Direct Volumetric Method in which 
the volume of air removed from a sample of fresh concrete inundated 
in an approximately equal volume of water is indicated directly by the 
volume of liquid required to restore the original liquid level after the 
removal of the entrained air; (2) Pressure Method (proposed by Klein 
and Walker) in which the volume of air entrained in a sample of fresh 
concrete is indicated by the change in volume of the concrete when a 
known pressure is applied to the sample. 

Extensive tests show good correlation between the “Rolling Method” 
(a direct volumetric method in which air is removed by rolling the con- 
crete in an excess of water) and the “Pressure Method” for concrete 
mixes representing a wide range in cement content, consistency, natural 
coarse aggregate, and method of incorporating the air-entraining agent. 
Good correlation has also been obtained in tests conducted at four tem- 
perature levels (44, 62, 79 and 100 F.). 

Both laboratory and field experience with different methods indicate 
that, all things considered, the pressure method is probably the most 
practical for field tests. The rolling and modified rolling methods, al- 
though equal in dependability to the pressure method, appear to rank 
second to it in practicability. These studies provided a basis for the 
design of suitable apparatus for testing 0.22 cu ft concrete samples 
(with 2-in. maximum size aggregate) by the pressure and rolling methods. 


INTRODUCTION 
For many years determinations of the air content of fresh concrete 


*Presented at the 43rd Annual Convention, Cincinnati, Feb. 24, 1947. 
tSenior Research Engineer, Portland Cement Association Research Laboratory, Chicago, Illinois. 
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have been made by the so-called “gravimetric method” (A.S.T.M. C138- 
44) in which the sum of the absolute volumes of the ingredients in q 
known volume of concrete is calculated and subtracted from the known 
volume, the difference being taken as the volume of air in the concrete, 
The accuracy of this method depends upon the accuracy of a series of 
measurements and assumptions as follows: 

(a) Weight per cu ft (dependent on the accuracy of the sampling, 

uniformity of placing, accuracy of strike-off and precision of the weighing 

scale), 

(b) Specific gravities of cement and aggregate, 

(c) Absorption of water by aggregate in the concrete. 

The gravimetric method is not as accurate, rapid or practical as de- 
sired for field determinations of air content and requires a weighing scale 
sensitive to about 0.01 lb which is difficult to transport and maintain 
under job conditions. Furthermore the varying moisture content of the 
aggregate causes variations in the results obtained in the field. In both 
field and laboratory the accuracy of the results depends on computa- 
tions which must be carried to at least the fourth decimal place—well 
beyond the accuracy obtainable with a slide rule. 

With the wider use of air-entraining cements the need for a depend- 
able and practical method for measuring air content in the field has 
become more acute. To meet this situation apparatus was developed 
and tests were made by several procedures based on two different princi- 
ples of measuring air content, neither of which requires weighing scales. 
These are as follows: 

(1) Direct volumetric method in which the concrete is inundated in 
water and the entrained air escapes (usually as a finely divided thick 
foam) when the mixture is properly stirred or rolled. The volume of air 
that has escaped is indicated by the volume of liquid that has to be 
added to restore the original level of water over the concrete. 

(2) The pressure method (proposed by Klein and Walker)* in which 
the concrete is placed in a closed, pressure-tight vessel and then subjected 
to pressure to compress the entrained air. By the application of Boyle’s 
law, according to which the volume of a gas (at a given temperature) is 
inversely proportional to the pressure to which it is subjected, the volume 
of air present in the concrete is determined by the amount it is com- 
pressed by a given increase in pressure. 


GENERAL DETAILS OF METHODS 
For the direct volumetric methods several different procedures and 
types of apparatus were developed, differing mainly in the method of 


= Method for Direct Measurement of Entrained Air in Concrete,"’ by W. H. Klein and Stanton Walker; 
ACI Jounnan, June 1946, Proc, V. 42, p. 657. 
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removing the air—whether by stirring or raking in an open vessel or by 
rolling in a closed vessel with auxiliary rodding and stirring. In each 
of the following volumetric methods, except those termed the Indiana 
methods, the sample of concrete was placed in a rigid steel vessel (bowl) 
having a rounded bottom which aided materially in making the tests. 
Liquid was placed over the sample and the bow! was rolled or the sample 
was stirred, raked, or otherwise agitated until an endpoint was reached 
that is, until no more foam appeared and no more liquid was needed to 
restore the original volume. The air content was indicated by the total 
amount of liquid needed to restore the original volume. 
Rolling method (closed vessel) 

A round bottom, flanged steel bow] 10 in. in dia by 8 in. deep having a 
capacity of 0.35 cu ft is filled with fresh concrete and the excess struck 





a—Rolling method 








b—Modified rolling method 





c—Stirring method 


Fig. 1—Equipment used in the rolling and stirring methods for determining the air content 
of fresh concrete 
Views at left show equipment wi et ng pe Views at right show i bled and in position for test, 





With these methods a 500 mi 9 quired in addition to the yon ae shown. 
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Fig. 2—Illustration of rolling method of test for air content 


off flush with the top of the bowl (See Fig. la and diagrams of Fig. 2). 
A second flanged bowl of about the same size having a neck provided 
with a reference mark (a machined shoulder on the inside) and a quick- 
closing cap is then clamped to the bowl containing the concrete, thus 
forming a metal flask of a constant volume. The flanges of the two 
bowls bear against a rubber gasket making a watertight seal. 

Water is then added over the concrete* to fill the flask to the reference 
mark on the neck of the upper bowl and the cap fastened in place. The 
flask is inverted and the rounded top surface (as inverted) is vigorously 
tapped with a rawhide mallet to loosen the concrete and cause it to fall 
through the water. The flask is then returned to its upright position 
and some of the liquid is removed with a large syringe and carefully 
saved. A steel stirring rod (54-in. diam. with a bullet-shaped end) is then 
inserted through the neck and the contents of the flask thoroughly 
rodded to break up any lumps and to remove any concrete adhering to 
the bottom of the flask. The liquid which was removed is then replaced 
and isopropyl alcohol is added from a graduate to bring the liquid level 
up to the reference mark. Isopropyl alcohol is used because it has been 


*To avoid eroding a hole into the concrete with a jet of falling water a funnel with a closed perforated 
spout is used from which water is sprayed horizontally to the wall of the flask without agitating the con- 
crete. 
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found to be very effective in destroying the tough, finely divided foam 
which forms on the surface of the liquid. 

The flask is next turned on its side and slowly rotated on suitable 
rollers for five revolutions. During rolling the sides are vigorously 
tapped with the rawhide mallet. The flask is now returned to its original 
upright position and more isopropyl alcohol is added from the graduate 
to bring the liquid up to the reference mark. The rolling cycles (five 
revolutions per cycle) are repeated until an “endpoint” is reached— 
that is, when no more foam can be removed by rolling, stirring, or other 
agitation, and therefore no more alcohol needs to be added to bring the 
liquid level to the reference or zero mark. 

The total volume of alcohol added is directly proportional to the 
volume of air removed from the 0.35 cu ft of concrete. It is not equal 
since it includes a small correction for shrinkage of the alcohol-water 
mixture. With the apparatus 106 ml of alcohol was equivalent to 1 
percent air in the concrete. 

Modified rolling method (closed vessel) 

This method employs a flanged, steel bowl 10 in. diam. by 10 in. deep 

having a rounded bottom (See Fig. 1b and upper diagrams of Fig. 3). 
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(a)-Modified Rolling Method 
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(b)-Stirring Method 


Fig. 3—Modified rolling and stirring methods of test for air content 
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The bowl is partially filled with a 0.22 cu ft sample of concrete by the 
usual rodding procedure. This volume is obtained with the use of a metal 
strike-off tool which functions as a tamper to get a smooth surface and 
as a gage to get the proper level. Concrete is added or removed from 
the bowl with a trowel until the proper volume is obtained. The bowl is 
then covered with a conical cover provided with a neck, reference mark 
and quick-closing cap. This cover is clamped against a rubber gasket 
making a watertight seal. Water is added until the water level reaches 
the reference mark (a machined shoulder on the inside of the neck), 
After sealing with the cap, the bowl is turned over on its side and rolled 
back and forth on a board, or is rolled on suitable rollers. During rolling, 
the sides and bottom end of the bowl are vigorously tapped with a raw- 
hide mallet. After rolling, the bowl is returned to an upright position 
and the liquid level brought to the reference mark by the addition of 
isopropy! alcohol, which destroys the foam which has collected. 

After the amount of alcohol added has been recorded, some of the 
liquid in the bowl is removed with a large syringe and carefully saved. A 
steel stirring rod (5¢-in. dia with a bullet-shaped end) is then inserted 
through the neck and the contents of the bowl thoroughly stirred. The 
liquid which was removed is replaced and more alcohol added if required. 

The rolling cycles are repeated until no more foam appears and there 
is po apparent change in the liquid level. The total volume of alcohol 
added is directly proportional to the volume of the air removed from the 
sample of concrete. With the 0.22 cu ft sample and the small correction 
for shrinkage of the aleohol-water mixture, 66 ml of alcohol represents 
1 percent air in the concrete. 


Stirring method (open vessel) 

This method employs the same steel bow] used in the modified rolling 
method (See Fig. le and lower diagrams of Fig. 3). It is partially filled 
with a 0.22 cu ft sample of fresh concrete (see modified rolling method for 
details of strike-off). The bowl is then covered with a loosely-fitted 
conical dise which is depressed below the surface and provided with a 
machined shoulder in a circular neck as a reference mark. Water is 
added until the water level reaches the reference mark. The conical 
dise is then removed and replaced by a spill guard. The sample is then 
vigorously mixed and stirred with a small flower rake and a steel rod for 
about two minutes. The prongs of the rake (or fork) are curved, which 
together with the round bottom of the bowl facilitates lifting small por- 
tions of the concrete sample up the sides of the bowl and allows them 
to fall through the water to release entrapped air and foam. The disc is 
replaced and the liquid level returned to the reference mark by the 
addition of isopropyl alcohol which also removes the foam. The stirring 
and raking operations are repeated until there is no apparent change in 
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the level. The air content of the sample is directly proportional to the 
volume of alcohol added (as in the modified rolling method 66 ml of 
alcohol represents 1 percent air in the concrete). Besides the alcohol- 
water shrinkage factor a second correction factor must be applied to 
compensate for the effects of evaporation from the large surfaces of liquid 
exposed both in the bowl, on the conical dise with the reference mark 
and on the raking tool. Under normal laboratory conditions this a- 
mounts to about 5 ml of liquid for each removal of the disc but would 
vary and generally be larger under field conditions. 


Original Indiana method (open vessel) 

In addition to the above volumetric methods, tests were made with the 
type of apparatus and the procedure developed by the Indiana State 
Highway Department*. This method employs stirring a concrete sample 
in water to remove the air and requires the use of a hook gage and a’ 
sensitive scale. 


Modified Indiana method (open vessel) 

This method (see Fig. 4a) was developed by H. W. McCoy of the 
Highways Bureau of the Portland Cement Association to yield more 
reliable results than the original Indiana method and yet utilize, in the 
main, the same simple and readily available equipment. It uses a 4 
cu ft unit weight bucket (filled with concrete to a depth of five inches) 
and a hook gage as in the original Indiana method, but the concrete is 
stirred in a 50-50 mixture by volume of isopropyl alcohol and water. Air 
contents are indicated by immersing a graduated plug in the liquid to 
bring it back to level. This eliminates the measurement of liquid from a 
graduate. No weighing scale is used and a fairly sharp endpoint is 
possible. The following corrections must be applied: 

(1) For shrinkage when the concentration of the 50-50 alcohol-water 

solution is further diluted by the free water in the concrete sample, 

(2) For difference in temperature of the alcohol-water solution before 

and after stirring, 

(3) For evaporation of solution during stirring in the open vessel. 
Corrections (1) and (2) are readily made simultaneously as a single cor- 
rection by reference to a chart. Correction (3) varies depending on the 
temperature, humidity and movements of air due to wind and moving 
vehicles under job conditions and ranges from about 0.2 to 0.9 percent of 
air. It must be based on separate tests for the evaporation factor con- 
ducted as nearly as possible at the same time as the air determinations. 
Ma aan OTT, Nee als diana Field Method of Deterraining Air Content in Freshly 


Mixed Portland 9 ement Concrete,"’ by C. E. Vogelgesang, Concrete Highways and Public Improvements 
Magazine (P.C.A.), V. 27, No. 1, 1946, p. 12. 











1060 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE May 1947 








b—Pressure method 
Fig. 4—Equipment used in the modified Indiana and pressure methods for determining 
the air content of fresh concrete 
Views at left show equipment unassembled. Views at right show equipment assembled and in position for test 


Pressure Gage 





























ad | | 
- k a o} + iI— 0] - | 
“Obn Mor | 1 — 2A 
21-| % Air (gross) 2) —| ‘Effect of 
ae o 3} - — | Aggregate 
ene ane tt —| Porosity 
I ha Pressure lowers 7 
oi~ level of concrete, - 
Fi and water in tube 
4, abe) oar Clamp 
*-* Concrete :* 
£ . ": \,0 Dc 





> e 





Fig. 5—Illustration of pressure method of test for air content 
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Pressure method (closed vessel) 

A 0.35 cu ft sample of concrete is placed in a 10-in. diam. by 8-in. 
deep, flanged steel bow] of the same size and shape as that used in the 
rolling method (See Fig. 4b and diagrams of Fig. 5). A cone-shaped 
cover is clamped to the flange of this bowl, a pressure-tight seal being 
obtained with a rubber gasket. Hydraulic pressure is applied to the 
surface of the concrete through water in a vertical tube attached to the 
apex of the cone. The pressure, which is furnished by a small bicycle 
pump, is indicated by a gage having a range of 15 psi. The contraction 
in volume of the air in the concrete with increase in pressure is indicated 
by a lowering in level of the water in a glass gage connected to or within 
the vertical tube. The scale on this glass gage can be calibrated to in- 
dicate the total (gross) air content directly. The actual air content 
(net air content) is obtained by applying a correction factor to the total 
reading, which corrects for the compression of the air in the aggregates. 
This correction factor is determined independently by applying pressure 
to a sample of fine and coarse aggregate in the same condition, amount, 
and proportions as they occur in the concrete sample under test*. In 
this method readings were usually made at pressures of 2, 5, 8, 10 and 13 
psi. Tests were also made at very low pressures provided by water 
columns 10 to 18 in. high using the same bowl and cover described in the 
modified rolling test. The use of a low pressure offers some interesting 
possibilities but the results obtained were obscured by the relatively 
large effect of the porosity of the aggregate at these lower pressures and 
the fact that this factor is a time function requiring a very uniform 
sequence of operations for reliable results. 


CONCRETE BATCHES 


For most of the methods described, tests were made in the laboratory 
with concretes varying in cement content (4.5, 6.0, and 7.5 sacks per cu 
yd), type of aggregate (Elgin sand combined with Elgin gravel, trap 
rock and a highly porous blast furnace slag) and slump (1, 3 and 5 in.). 
Each of the three types of coarse aggregate was graded No. 4 to 2-in. size. 
The 1-in. slump concrete was placed by internal vibration but the 3-and 
5-in. slump concretes were placed by rodding. Some of the batches of 
concrete were made with non-air-entraining laboratory cement (a mix- 
ture of equal parts of four brands of Type I cements) both with and 
without additions of Vinsol resin in a sodium hydroxide solution added 


*Sometimes it may be more convenient to determine this factor on separate samples of fine and coarse 
aggregate either in the same or different amounts than they occur in the concrete sample. However, in 
this case care must be taken to include the effect of the expansion factor which occurs twice instead of only 
once when the aggregate correction factor is determined on the combined fine and coarse aggregate. The 
expansion factor is introduced by the expansion in volume which the bowl, its cover and the parts in contact 
with water undergo with increase in pressure. It is measured by noting the drop in level of water in the 
graduated glass tube when the apparatus filled only with water is subjected to the same pressure as is 
applied in the test of a sample of concrete. 
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at the mixer. Other batches were made with a commercial air-e ntraining 
portland cement containing neutralized Vinsol resin interground with 
the clinker. All batches were mixed in a 1.5 cu ft Lancirick open-tub 
type mixer at a temperature of 75 F, except in a special series where tests 
were conducted at 44, 62, 80 and 100 F. Aggregate and mixing water 
were mixed for 4% minute and left idle and covered for 10 minutes. 
Cement or cement and Vinsol resin solution was then added and batch 
mixed for 24% minutes. 


RESULTS OF TESTS 


The diagrams of Fig. 6 compare the air contents by the rolling method 
with the air contents obtained on samples from the same batch by the 
pressure, stirring, gravimetric and modified rolling methods. In each 
diagram the dash line represents the line of equality between the results 
for the two methods indicated. Brief comments on the results in each 
diagram follow: 
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Fig. 6—Comparison of air contents by the rolling method with air contents by four 
other methods of test 
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Pressure vs. Rolling 


See upper left diagram Fig. 6. The position of the open and closed 
circles indicates that for the natural coarse aggregates (Elgin gravel and 
trap rock) the air contents by the pressure method, when corrected for 
the effect of porosity of the aggregate*, are practically the same as those 
by the rolling method. The good correlation shown was obtained with 
concrete mixes representing a wide range in cement content, consistency, 
shape of coarse aggregate, air content and method of incorporating the 
air-entraining agent as described under “concrete batches’ above. 

On the other hand the line through the plotted crosses shows that for 
the highly porous slag coarse aggregate the air contents by the pressure 
method were only about 60 percent of those by the rolling method. There 
is good basis for the belief that the air contents by the rolling method 
were approximately correct and that those by the pressure method are in 
error primarily because the aggregate correction factor cannot, by. 
present procedures, be accurately determined for a highly porous aggre- 
gate such as the slag used in these tests. With the highly porous slag 
used (having large air cells) the correction to be applied may be as large 
or larger than the actual amount of entrained air. 

Stirring vs. Rolling 

See supper right diagram Fig. 6. On the whole the plotted points 
(uncorrected for evaporation losses) indicate slightly higher air contents 
by the stirring method than by the rolling method. This is because the 
stirring operation was conducted in an open vessel and evaporation 
losses were introduced which were practically absent in the rolling op- 
eration conducted in a closed vessel. When a known correction is 
applied for evaporation the results by the two methods are practically 
equivalent. 

Gravimetric vs. Rolling 

The plotted points (lower left diagram Fig. 6) show a fair correlation 
between the air contents by the gravimetric and rolling methods but not 
as good as between the pressure, stirring and modified rolling methods vs. 
the rolling method in the three other diagrams of Fig. 6. It should be 
pointed out that the gravimetric tests were made under exceptionally 
favorable conditions (2 unit weight determinations with accurate scales, 
water content precisely known and accurate data on the weight of the 
other constituents and precise computations). The specific gravity of 
the cement was based on immersion in water. This raised the computed 
values for air content about 0.20 percentage points above the values 
obtained when the specific gravity of cement was based on immersion 
in kerosene. 


*In these tests the aggregate correction factor for the Elgin sand with the Elgin gravel was 0.69 percent 
and for the Elgin sand with trap rock was 0.16 percent. 
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Modified Rolling vs. Rolling 

The lower right diagram, Fig. 6, is of particular interest as it shows 
excellent agreement between the air contents obtained with these meth- 
ods although the tests were made on concrete samples of different volume 
(0.22 cu ft for modified rolling and 0.35 cu ft for rolling) and with the 
highly porous slag and the natural Elgin gravel coarse aggregate. In 
these tests a correction factor of 0.53 percent air was deducted from the 
air content indicated by each method for the slag concrete, to compensate 
for the added absorption of water which occurred when the same amount 
of sand and slag aggregate present in the concrete sample was tested 
separately by these rolling methods. These results indicate that the 
rollmg methods offer considerable promise as a means of indicating 
the air content of concrete made with highly porous aggregates. How- 
ever, further work needs to be done to verify the reliability of the rolling 
method with slag concrete and to check the results against some other 
reliable method. At this writing neither the pressure nor the gravimetric 
methods appears suitable for the special conditions introduced by highly 
porous aggregates. 

The excellent agreement obtained between the results by the modified 
rolling and rolling methods indicated that they could be considered to be 
equivalent. This was of practical importance because in later field tests 
it was sometimes more convenient to use one of the methods rather than 
the other method. The degree of concordance also indicated that the 
difference in size of concrete sample (0.22 cu ft in the modified rolling 
method and 0.35 cu ft in the rolling method) did not appear to influence 
the reliability of the determinations for air content. These data together 
with later field tests provided a good basis for reducing the size of con- 
crete sample to 0.22 cu ft in new equipment recently designed by the 
author to determine the air content by the pressure and rolling methods. 

The diagrams of Fig. 7 compare the air contents by the rolling method 
with the air contents by the Indiana and Modified Indiana methods. In 
each diagram the dash line again represents the line of equality between 
the results by the two methods indicated. 


Indiana vs. Rolling 

The plotted points of the upper left diagram of Fig. 7 and the light 
curve drawn through them show that the air contents by the original 
Indiana method were from about 0.8 to 1.3 percentage points lower 
than the air contents by the rolling method. The tests were made in the 
laboratory and under exceptionally favorable conditions for the Indiana 
method as regards precision of weighing scale available and technique 
employed. The curve through the plotted points indicates a fairly 
good relation between the two methods. The consistently low air con- 
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Fig. 7—Comparison of air contents by rolling methods with air contents by Indiana 
and modified Indiana methods 


tents by the Indiana method are due to the fact that notwithstanding 
the most careful and painstaking effort to remove the air a considerable 
proportion of air remained locked in the mixture of solids and water. The 
rolling technique not only removed air more effectively, but indicated 
fairly definitely when an “end-point” was reached. It appears that the 
stirring action of the Indiana method removes the larger bubbles of en- 
trained air but fails to remove the smaller bubbles. This may account 
for the fairly constant difference between the two methods. 
Indiana vs. Modified Rolling 

The solid triangles in the upper right diagram of Fig. 7 show results 
obtained in the field by technicians experienced in conducting tests by 
these methods. Two of the points show equivalent air contents but the 
eight other points show relatively low air contents for the Indiana 
method thus confirming the indications of the laboratory tests im the 
upper left diagram of Fig. 7. 
Modified Indiana vs. Modified Rolling 

The plotted points in the lower left diagram of Fig. 7 show a much 
better degree of concordance than the other diagrams in Fig. 7. On the 
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whole the air content obtained by the Modified Indiana method, as cor- 
rected for shrinkage of the alcohol-water solution and for evaporation 
losses, was about the same as by the modified rolling method. This 
indicates that the entrained air was more effectively removed in the 50-50 
isopropyl alcohol-water solution used in the Modified Indiana method 
than in the plain water solution used in the Indiana method. The use of 
isopropyl alcohol in this method was suggested by the effective manner 
in which this alcohol destroyed the finely divided foam in the rolling and 
modified rolling methods. The isopropyl alcohol was a major factor con- 
tributing to the practicability and dependability of these direet volu- 
metric methods. 

The upper diagrams of Fig. 8 show the good agreement obtained in 
field tests on highway construction jobs between the air contents obtained 
by the pressure and modified rolling methods. As noted in the diagrams 
these tests were made on separate samples from the same batch. 

The lower diagrams of Fig. 8 also show good agreement between the 
air contents obtained by the pressure and rolling methods. In these 
diagrams the rolling test was made on the same sample as the pressure 
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Fig. 8—Comparison of results of rolling and pressure tests 
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test—the rolling test being made after the pressure test. The lower left 
diagram is based on laboratory tests and the lower right diagram on field 
tests at the Bluestone Dam. Each diagram shows good concordance 
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Fig. 9—Comparison of air contents by the rolling and the pressure test for different 
temperatures of concrete 


Notes for Fig. 9, 10 and 11. 
Mix: 6sacks per cu yd. 
Consistency: Slumps used ranged from less than 1 in. to over 6 in. 
Aggregate Klgin sand and gravel (bin-dry); 35 percent by weight 0 to No, 4 sand; 
65 percent No. 4 to 1'-in, gravel. 
Cement; A commercial Type IA air-entraining cement ground with neutralized 
Vinsol resin and laboratory mixture consisting of equal parts of 4 Type 1 cements. 
The laboratory mixture was used in combination with 0.012 percent of Vinsol resin 
by weight of cement added in NaOH solution (7 g NaOH, 45.4 g¢ Vinsol resin, with 
water added to make 2000 ml of solution); 226 ml of this solution used per sack of 
cement, 
Concrete batches weighing about 61 lb each were mixed in a small 0.50 cu ft Lan- 
cirick mixer, Aggregate and mixing water mixed for 14 minute and left idle and 
covered for 10 minutes, Cement or cement and Vinsol resin solution was then added 
and batch mixed for 21% minutes, 
All materials, mixer and test equipment were in a room maintained at temperature 
level desired for at least 24 hours before tests. Each test for air content was con- 
ducted in this room to eliminate variations in temperature from level desired, 
Air contents were first determined by the pressure method and then checked on the 
same sample of concrete by the rolling method without removal from the pressure 
vessel, Air contents plotted are those obtained by the pressure method. 
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between the two methods for variations in the type of cement and in 
air-entraining agent. 

The four diagrams of Fig. 9, based on a series of laboratory tests, 
compare the air contents by the rolling and pressure tests for different 
temperatures of concrete. These tests were made in a room in which 
the air and all materials, mixing and test apparatus were maintained 
successively at four temperature levels—44, 62, 79, and 100 F. Good 
agreement was obtained between the two methods at all four tempera- 
ture levels over a wide range in air content. Note that good agree- 
ment was obtained both when an air-entraining cement containing 
neutralized Vinsol resin interground with the clinker and when a non- 
air-entraining cement to which Vinsol resin was added at the mixer 
in a sodium hydroxide solution, was used. In all of these tests the air 
content was determined on the same sample by both the pressure and the 
rolling methods. These results indicate that both the pressure and rolling 
methods may be used with equally good results over the temperature 
range of 44 to 100 F—a range which covers the seasonal variations in 
temperature of concrete encountered in most concreting operations. 
Effect of consistency of concrete 

The curves of Fig. 10 are of general interest in that they show the re- 
lation between slump and amount of entrained air for different tempera- 
tures of concrete. In general they show that at each temperature level 
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the amount of entrained air increases with slump, the effect being less 
marked when the Vinsol resin was interground with the clinker (the air- 
entraining cement) than when it was added to the laboratory cement at 
the mixer in a sodium hydroxide solution. Comparison of the curves in 
the different diagrams reveals a trend toward decreased air entrainment 
with increase in temperature—more clearly shown in Fig. 11. 





Effect of temperature of concrete 

The curves in both diagrams of Fig. 11 indicate that the amount of 
entrained air tends to decrease as the temperature of the concrete in- 
creases. This effect was more pronounced with air-entraining cement 
ground with neutralized Vinsol resin (left diagram) than in parallel 
tests with the laboratory mixture of four Type I cements where the 
Vinsol resin was added in a NaOH solution at the mixer (right diagram). 
However, both groups of tests reveal the interesting fact that the rate 
at which the entrained air decreases with temperature is greatest within: 
the range of temperatures that are normally encountered in the field, 
that is, 60 to 80 F. Both groups of tests also indicate that the decrease 
in air content with increase in temperature becomes more marked as the 
slump of the concrete is increased. 


PRACTICABILITY OF THE DIFFERENT METHODS 


Both the laboratory and field experience with the different methods 
described above indicated that all things considered the pressure method 
is probably the most practical for field tests. Once the aggregate cor- 
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rection factor has been determined the time required for a pressure test 
is about 8 minutes (reckoned from the completion of strike-off) and js 
independent of the amount of entrained air present. 

The rolling and modified rolling tests appear to rank second to the 
pressure test in practicability although the dependability of these three 
methods is about equal. The time required for either of these direet 
volumetric tests varies with the amount of entrained air present but 
generally falls between 12 to 16 minutes after the strike-off. Although 
the rolling tests take a longer time to make than the pressure test they 
have the advantage that except for highly porous aggregates, no aggre- 
gate correction factor needs to be determined as in the case of the pressure 
test. With highly porous aggregate, however, the rolling test appears to 
be the only one which can be used satisfactorily since the proper technique 
for the pressure test has not been developed for such aggregates. 

None of the other methods investigated appears to be as practical as the 
pressure, rolling or modified rolling tests. [Effort was therefore con- 
centrated on improving the apparatus for conducting pressure and rolling 
tests in both field and laboratory. 


NEW DESIGN OF PRESSURE AND ROLLING TYPE APPARATUS 


An important result of the laboratory and field tests was the close 
agreement between the air content of a 0.22 cu ft conerete sample and 
that of a 0.35 cu ft sample. This fact afforded a basis for simultaneously 
reducing the weight of the test apparatus and concrete sample so that 
tests for air content could be conducted with less labor. On this basis 
new apparatus was designed and constructed to test 0.22 cu ft concrete 
samples by the pressure and rolling methods. The new design incor- 
porated all of the features which were suggested by laboratory and field 
studies so that the apparatus and testing procedures would be as practical 
and dependable as possible under various job conditions. It was con- 
templated that this apparatus in combination with the testing technique 
developed for these two methods might well serve as much needed 
standards for the determination of entrained air in concrete, 


Pressure-type entrained air indicator of 0.22 cu ft capacity 

The general appearance of this indicator together with complete 
accessories, is shown in Fig. 12. The various parts required for test, 
calibration and maintenance of the apparatus are stored in a stout 
wood chest (1244 «124% & 26-in. high overall) to facilitate transport. 
The chest also serves as a support for the indicator on the job and brings 
it to a convenient elevation for conducting the various operations of the 
test. The weight of the complete apparatus is 65 lb (35 |b for empty 
indicator, 5.5 lb for accessories and 24.5 lb for chest). 
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~ 





Fig. 12—Pressure type entrained air indicator of 0.22 cu ft capacity and accessories 


View at left shows close-up of assembled indicator. The view at right shows the same indi- 
cator in position for test, supported on the chest in which it is packed during shipment. The 
chest also houses the various accessories shown in the center view. 


The accessories are as follows: (1) trowel for selection of sample and filling bowl, (2) 
todding tool, (3) rawhide mallet, (4) strike-off bar, (5) funnel, (6) two-quart measure, 
7) socket wrench for set screws in clamps, (8) brass container of known volume for cali- 

ing and checking indicator, (9) spring to hold container 8 in position during calibration 
test, (10) bar for adjusting thrust nut at lower end of precision bore glass tube, (11) brass 
tube with perforated end + filling indicator with water, (12) brush for cleaning glass tube. 


Important features of this indicator are its rigidity under pressure 
which gives it a low expansion factor (equivalent to 0.05 percent air), 
and the provision made for calibrating and checking the indicator for 
accuracy. For this purpose the accessories include a cylindrical brass 
container of known volume (item 8, Fig. 12) and a coil spring (item 9). 
This container is inverted within the flanged steel bowl and held in 
place by the spring when the cover is clamped into position. Small 
paper clips are used to hold the lower edge of the inverted container 
about 1/16 in. above the bottom of bowl. When the assembled indicator 
is filled to the zero mark with water, the desired operating gage pressure 
can be ascertained by pumping air into the assembly until the meniscus 
of the water column indicates the percentage of air that has been in- 
troduced into the bowl by the inverted glass container of known volume. 
For this known volume the correct applied pressure will be about 7.6 
psi at sea level (assuming barometric pressure, 29.92 in. of mereury) 
and will decrease with decrease in the barometric pressure to about 5.5 
psi at 10,000 ft above sea level (20.57 in. of mereury). However, extreme 
variations from an average barometric pressure in a given locality of 
about 0.67 in. of mercury will alter the gage pressure by only about 0.15 
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psi which will introduce an error of only about 0.10 percent air at an 
indicated air content of about 6.0 percent, and an error of only about 
0.05 percent air at an indicated air content of about 3.0 percent. 

The calibration procedure outlined eliminates the need for accurate 
pressure application in terms of lb per sq in. or other units so long as 
the needle of the pressure gage is brought to the same point determined 
in the calibration test. Any suspected change in the functioning of the 
gage needle (as might occur during shipping and handling of the equip- 
ment, etc.) can be checked by recalibrating to determine the correct 
operating pressure. 


Rolling-type entrained air indicator of 0.22 cu ft capacity 

This is shown in schematic form in Fig. 3. The lower bow] for the con- 
crete sample is exactly the same as the lower bowl for the pressure-type 
indicator shown in Fig. 12. The upper bowl is of the same size and 
shape as the lower bowl except that it is provided with a neck having 
a turned shoulder for a reference mark, and with a quick closing cap. 
A recess in its flange holds the rubber gasket which provides the water- 
tight seal between the upper and lower vessels when their flanges are 
clamped together by rigid clamps. Since this upper bowl can also be 
clamped to the lower bowl of the pressure-type indicator of Fig. 12, 
it is possible to conduct a rolling test on the same sample of concrete 
that was previously subjected to the pressure test. 

A convenient device for conducting the rolling operations consists 
of a short board with fixed casters or rollers. The center of the board is 
supported on a pivot so that the assembly can be rolled in two inclined 
‘ positions which tends to shift the concrete from one end of the assembly 
to the other and increase the efficiency of the rolling action in separating 
the entrapped air and foam from the concrete mixture. The rolling 
device is light and portable and is arranged so that the assembled flask 
can be readily moved from its original vertical position to the inclined 
position or to an inverted position. 
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Discussion of a paper by Carl A. Menzel: 


Development and Study of Apparatus and Methods for 
the Determination of the Air Content of Fresh Concrete* 


By BAILEY TREMPER and W. L. GOODING, 
W. A. CORDON and AUTHOR 


By BAILEY TREMPER and W. L. GOODINGT 


A device for determining the air content of fresh concrete by the pressure 
method has been developed in the laboratory of the Washington State 
Department of Highways. Inasmuch as it departs somewhat in principle 
and operation from the pressure apparatus described by the author, an 
outline of its characteristics may be of interest. 

The vessel used for containing the concrete was made originally with 
a capacity of 14 cu ft. Since the author has demonstrated the suit- 
ability of a smaller sample, new models are being constructed with a 
volume of 14 cu ft. The flange on the vessel has been dropped about 
3. in. below the rim, as this design has been found to facilitate striking 
off. It helps also to prevent scoring the flange and the resulting tendency 
toward leakage when the assembled apparatus is under pressure. 

The cover, which is about 1 in. in thickness, contains a chamber 
having a volume of about 20 cu in. A valve, seated in the bottom of 
this chamber but operated from the top of the cover, opens or closes an 
orifice leading to the concrete sample. A 15-psi pressure gauge with a 
314-in. dial is connected to the air chamber. 

In operation, the vessel is filled with concrete and struck off, first 
with a board and then with a glass plate. The cover is then clamped 
in place. The connecting valve is closed and pressure is applied to the 
air chamber with a tire pump. The gauge is read. The connecting 
valve is opened to the concrete and the new pressure is noted. The 
volume of air below the cover is calculated by Boyle’s law from the 
initial and final gauge readings and the known volume of the chamber 





*ACI Journat, May 1947, Proc. V. 43, p. 1053 


}Materials and Research Engineer, and Assistant Research Engineer, respectively, Washington State 
Department of Highways, Olympia, Wash. 
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in the cover. The device is constructed with a slight fixed clearance 
between the bottom of the cover and the surface of the concrete. This 
space has a volume of about 1 cu in. This volume is subtracted from 
the computed volume below the cover to obtain the volume of air in 
the concrete. 

Actually the gauge is calibrated to read percentage of air in the con- 
crete directly. -An initial point is marked on the gauge corresponding 
to a pressure of 14 psi. Pressure is applied slightly above this value 
and air is released through a pet cock until the needle coincides with the 
initial mark. When the connecting valve is opened, the gauge shows 
the percentage of air in the concrete. Air is released from the system 
and the above procedure is repeated as many times as necessary to obtain 
concordant readings. Succeeding readings usually check the first very 
closely but, since the process can be performed rapidly, it is considered 
good practice to obtain at least three readings. 

Although Boyle’s law is related to absolute pressures, no correction 
is necessary with this apparatus for varying atmospheric pressure. The 
apparatus may be calibrated by filling the container with water, with- 
drawing measured amounts with a pipette, and checking the gauge 
reading against the volume of air replacing the withdrawn water. 

The device has been used in the laboratory with concrete samples 
containing from 1 to 6 percent air. Results have agreed very well with 
values computed from unit weight of the concrete and specific gravities 
of the constituents. It has also been used on a construction job in 
parallel with apparatus of the Klein-Walker type similar to that de- 
scribed by the author. Very good agreement was found between the 
two devices. Tests could be completed more rapidly with the former, 
however. As a rule, three gauge readings could be obtained before the 
Klein-Walker device could be filled with water. 


By W. A. CORDON* 


Mr. Menzel has presented some very excellent data on methods of 
making accurate determinations of air content in fresh concrete and the 
development of new apparatus for this purpose. The paper discredits 
the gravimetric method (A.S.T.M. Designation C-138-44) of measuring 
air in concrete, however, as indicated by the following statement, ‘‘The 
gravimetric method is not as rapid, accurate, or practical as desired for 
field determination of air content.’”’ This method is being generally 
used by the Bureau of Reclamation and is considered sufficiently accurate 
and practical for determinations of the air content of fresh concrete. 

The question naturally arises as to how much accuracy is desired in 
the determination of air content in the field. Considerable data are 


*Materials Engineer, Bureau of Reclamation, Denver, Colo. 
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available which indicate that the amount of air actually entrained in a 
concrete mix will vary 20 percent under the best controlled conditions. 
What is to be gained by accurate determination of these air contents 
when such variations exist from batch to batch? One wonders if accurate 
determination of the air content in field control is not a needless refine- 
ment which is meaningless in the final analysis. Nevertheless, tests 
have been made in the bureau laboratory under controlled conditions 
which indicate that if proper control is maintained, the gravimetric 
method has approximately the same accuracy as the pressure method 
and more accuracy than two displacement methods investigated. (Sym- 
posium on Measurement of Entrained Air in Concrete—A.S.T.M. Con- 
vention, June 1947). 


Accuracy to the fourth significant figure is necessary in computing 
the unit weight values of a concrete mix. Once the value for theoretical 
unit weight is established for given mix proportions, however, the com- 
putation of the percentage of air by the gravimetric method involves 
simple calculations, and the air content to the nearest 0.1 of 1 percent 
can readily be determined with an average 10-in. slide rule. The pres- 
sure method may not be as simple as one is led to believe, since the ap- 
paratus must be calibrated for any given location and aggregate. This 
calibration involves calculations of volume-pressure relationships which 
are far more complicated than unit weight computations. It is true 
that after the apparatus has been calibrated, it lends itself to the use of 
inexperienced and untrained personnel. 


It is not understood how other methods can be considered more rapid 
and practical than the unit-weight method in determining the air content 
of concrete. This method requires only the filling of a unit weight 
container, striking off level, and weighing. Approximately twice as 
much time is involved filling the pressure meter container, striking off 
level, assembling the apparatus, adding water, bleeding the apparatus, 
removing entrapped air, applying pressure, and reading the air content. 
Displacement and volumetric methods require more time than either 
the gravimetric or pressure methods. 


For a number of years the unit weight test has been used successfully 
as a means of determining the cement and water content of concrete 
mixes made at the scene of construction. To my knowledge, it is the 
only method by which the amount of cement in an air-entrained concrete 
mix can be accurately determined, unless, of course, the unit weight of 
the mixture is estimated from the theoretical unit weight and the 
measured amount of air. Where accurate concrete control is practiced 
and the unit weight test is made to determine the cement content and 
water content of a concrete mixture, it appears inconsistent that an 
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additional test be made for the measurement of entrained air. On the 
other hand, if the job is not important enough to determine the actual 
quantity of each mix ingredient, what is to be gained by making very 
careful measurements of air content? 


AUTHOR'S CLOSURE 


Mr. Cordon, in his discussion, points out that the gravimetric method 
is being generally used by the Bureau of Reclamation and is considered 
by it to be sufficiently accurate and practical for determinations of 
the air content of fresh concrete. This is a matter which each regu- 
latory body must decide for itself. It may well be that such favorable 
conditions exist on reclamation projects with respect to personnel, 
equipment, uniformity of aggregates, ete., that the gravimetric method 
has proved to be satisfactory. 

However, there are many concreting operations such as highway 
paving jobs where the conditions are far less favorable than on the 
average reclamation bureau job and where a more rapid, accurate and 
practical method is desired than the gravimetric method offers. For 
such jobs the pressure method appears to be definitely more satisfactory, 
Once the apparatus has been calibrated to determine the correct operating 
gage pressure and the aggregate correction factor has been ascertained, 
the air content can be determined quickly and accurately in about 7 
to 8 minutes by the average inspector. Contrary to the statement made 
by Mr. Cordon the calibration procedure developed for the pressure 
method described by the author does not involve any calculation of 
volume-pressure relationships or any other complicated computation. 

Under the ideal conditions Mr. Cordon visualizes, the gravimetric 
method only requires the filling of a unit weight container, striking off 
level and weighing. This is only true as long as the air-free weight 
remains the same. On the average job the air-free weight must be 
determined from time to time during the day because the amount of 
water required will vary with changes in moisture content of the aggre- 
gate and with losses resulting from evaporation and other causes. lven 
under ideal conditions, Mr. Cordon could have considerable difficulty 
in getting a good check on the unit weight of samples from the same batch. 
Such determinations are very sensitive to variations in the strike-off 
a factor of far less importance in the pressure or direct volumetric 
methods. The author’s experience has not shown that variations as high 
as 20 percent in air content are obtained in succeeding batches under 
the best controlled conditions when air contents are determined by 
either the pressure or direct volumetric methods, However, even if they 
were as high as 20 percent he would still feel justified in using the pres- 
sure method which probably indicates air content within an accuracy of 
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about 0.20 percentage points from the actual air content in the range of 
3.0 to 6.0 percent usually specified. 

Mr. Cordon asks, “If the job is not important enough to determine 

the actual quantity of each mix ingredient, what is to be gained by 
making careful measurements of air content?” 
The answer is that variations in the mix are relatively unimportant in 
comparison with the importance of being certain that the air content of 
the concrete is being maintained above the accepted minimum of 3 
percent to realize satisfactory durability. Accurate indications of air 
content are important. For example, if a given concrete actually contains 
3.2 percent air (just above the minimum of 3.0 percent desired) it is of 
considerable practical importance to have a method (such as the pressure 
method) which will indicate within 0.20 percent of the true amount 
instead of within 0.50 percent as might be expected with the gravimetric 
method under average job conditions. 

Messrs. Tremper and Gooding have outlined another way of using 
the pressure principle for determing the air content of conerete. <A 
feature of their method is that it avoids the use of water for transmitting 
air pressure to the concrete. Another feature is that the readings are 
independent of substantial variations in atmospheric pressure which 
would be experienced if the apparatus were being used at different 
elevations above sea level. It is hoped that Messrs. Tremper and Gooding 
will find it possible to describe this apparatus in more detail and present 
the results of comparative tests with other methods in a separate paper 
for the benefit of the ACT membership. 
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Building floors poured from top, Mexicans saving time and money 
Construction Methods, Jan 24, 1947 Release of McGraw Hitt Pus.ications 


From top floor to ground is a new Mexican way of concreting floors in multiple-story 
steel frame structures. In addition to benefits gained by working under the cover 
of previously poured floors, this novel method cuts slab construction time to one third 
the usual, and has affected savings in slab costs up to 20 percent. Floors of several 
Mexican buildings have been built in this way at a rate of one floor every two days. 

This top-to-bottom system incorporates descending slab forms suspended by steel 
rods. “Easy erection and stripping give the one-piece slab forms an unusually long 
life, which has run as high as 30 re-uses,”’ the magazine states. “Forms are stripped 
and re-erected by slacking off the suspending rods and lowering the panel one story, 
a procedure so simple that for 10,000 sq ft of floor slab only six to eight hours elapse 
between the start of the stripping operation and the completion of the next pour.” 


Portland cement technology 
J.C. Wrrr, 518 pp. Chemical Publishing Co., Inc., New York (1947). $10.00 Reviewed by W. H. Krem 


The book begins with a brief history of the cement industry which includes a dis- 
cussion of clays, limes and pozzolana cements. This chapter also contains statistics 
of portland cement production in the United States. 

Ten chapters are devoted to a general description of raw materials, processes and 
equipment for portland cement manufacture. Except for a detailed account of a 
method used by the author for calculating the proportions of a four component raw mix 
these chapters serve mainly to convey a general knowledge of cement manufacture and 
an appreciation of the problems involved. 

A chapter on the nature of cement lists and presents some discussion of the principal 
compounds that have been identified in portland cement clinker and in hydrated cement 
pastes and sets forth various oxide ratios that have used as guides for the proportioning 
of cement raw mixes. The current A. 8. T. M. specifications for portland cement are 
also given. This is followed by a chapter on analyses and tests which gives a method 
of analysis for raw materials and the complete text of the principal A. 8. T. M. methods 
of analysis and tests for portland cement. 


There are two chapters on concrete. In the first of these the author presents what 
he terms the unit layer for calculating quantities of concrete materials by absolute 
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volume. A number of tables and a chart designed to facilitate the computations are 
included. The other chapter on concrete presents brief outlines of the problems and 
proceedures involved in concrete making, and the A. 8. T. M. specifications for Ready 
Mixed Concrete and for Concrete Masonry Units. 

The final chapter consists of a bibliography and miscellaneous tables. 


A comparison of partially and fully prestressed concrete beams 


Concrete and Constructional Engineering, V. 42, No. 1, Jan. 1947 HigHway Researcu ABSTRACTS 


The following comparison between reinforced concrete beams in which the whole 
of the reinforcement is prestressed and those in which some of the steel is not pre- 
stressed is based on recent tests made by Prof. G. Magnel at Ghent University. It is 
believed that these are the only tests so far made on beams containing stretched and 
unstretched reinforcement. The factors of safety, that is the test loads divided by the 
calculated working-loads, are given in table 1. 





TABLE 1—RESULTS OF LOADING TESTS 
































At load of 52,900 Ib | Critical loading (Ib) Factors of safety 
Maximum Extension of Against Against 
Beam deflection, Lower fibre At cracking At failure cracking failure 
in. in. 
I 0.028 0.00081 85,900 143,300 1.47 2.46 
(Not Grouted) 
II 0.026 0.00076 85,900 161,400 147 | 2.76 
Ill 0.024 0.00084 77,200 170,900 1.32 2.93 
IV 0.024 0.00080 93,400 175,300 1.60 3.00 
3 ; 0.026 0.00088 79,400 122,400 1.43 2.20 
(Defective 
VI 0.026 0.0009 1 82,300 146,600 1.48 2.64 
Vil 0.029 0.00085 Not te|sted to destruj ction 
VIII 
(Partially 0.027 0.00080 58,400 | 135,600 1.05 2.44 
prestressed) | | 











Prestressing part of the reinforcement in a beam is, of course, cheaper than pre- 
stressing the whole of the reinforcement, although some of the saving is offset by the 
necessity of providing shear reinforcement. It is therefore pertinent to consider whether 
in many cases partial prestressing is not justified. The occurrence of a crack at working 
load (that is, at the design load) is not catastrophic since in a prestressed beam the 
crack closes as the load is relaxed. There are many structures, for example bridges, 
upon which the maximum design load is seldom applied, and the question that naturally 
arises is why the structure should be designed on the assumption that the maximum 
loading occurs continuously. 


The uses of expanding cement concrete 
Concrete and Constructional Engineering, V. 42, No. 1, Jan. 1947 HicgHoway Researcu ABSTRACTS 


The development during the past twelve years of expanding cements and cement 
pastes which do not shrink during setting and hardening is largely due to M. Henri 
Lossier, and some of the applications of concrete made with these cements are described 
below. Cement with controllable expansion is ordinary portland cement to which are 
added sulpho-aluminate cement to act as an expanding agent in the presence of water 
and slag cement or similar material to act as a stabilizing agent when the water is 
removed; the slag cement arrests the expansion by absorbing the principal re-agent, the 
calcium sulphate. By adjusting the proportions of these constituents and by controlling 
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the period during which water is present, the amount and duration of the expansion 
can be controlled while the concrete hardens. In practice a coefficient of expansion 
of 0.010 to 0.015 for neat cement paste has been used. If it is only desired to counteract 
the shrinkage of the portland cement the expansion need be only sufficient to compen- 
sate for the drying shrinkage, and the cement paste is made so that the coefficient of 
expansion is from 0.003 to 0.004. 

M. Lossier has published the results of tests extending over five years on expanding 
cement and non-shrinking cement paste. The expansion specimens kept in water for 
five years became stabilized in about ten days, and subsequently had only a slight 
tendency to expand further. Specimens kept for five years in air after ten days in water 
had a normal degree of shrinkage which in effect partly reduced the initial expansion 
of the cement. The compressive strength increased at early ages more slowly than 
specimens made with ordinary portland cement, but it is stated that the rate of gaining 
strength increases in the course of time to a greater extent than in the case of ordinary 
portland cement. 

An account of the applications of concrete made with expanding cement in France is 
given by M. Lossier in a paper read recently before the Institution of Structural Engi- 
neers and published in 7'he Structural Engineer for Nov. 1946. The use of such con- 
cretes results in a form of prestressing that is claimed to be desirable in a number of en- 
gineering problems. 


Use of expanding concrete in the final stage of underpinning work has been made in 
schemes involving piles and piers. Voussoirs of expanding concrete have been inserted 
in masonry and concrete arches with the object of raising the arch from the centering 
and, in the case of concrete arches, to compensate for the elastic shortening of the arch 
due to its own weight and the shortening due to shrinkage and creep. A reinforced 
concrete girder bridge of four spans of 85 ft each, known as the Moscow Bridge, near 
Montercan, was repaired by cutting away the concrete around the damaged parts, 
placing new reinforcement, and re-establishing the concrete in the state of stress which 
existed before the damage by the use of highly expanding cement, 


Loading tests of a reinforced concrete slab-bridge of 25 ft span 


Pat W. Cuiark, Senior Designing Engineer, Bridge Division, Texas Highway Department, 
Nov. 1946 HicGHway ResearcH ABSTRACTS 

Test consisted of a series of loads and the measurement of resultant strains in a 
reinforced concrete slab-bridge designed in accordance with the “Simplified Method” 
as derived in the University of Illinois Bull. No. 346, “Highway Slab-Bridges with 
Curbs: Laboratory Tests and Proposed Design Method’’. The objects of this test 
were to investigate the behavior of a full-scale slab built under typical bridge construc- 
tion conditions and to compare the observed stresses with the theoretical stresses 
derived by the Illinois “Simplified Method”. Tests were performed under direction 
of James P. Exum, Bridge Engineer of the Texas Highway Department assisted by 
Dr. Dana Young and Professor J. Neils Thompson of the civil engineering faculty, 
University of Texas. 

The bridge was a four-span structure under construction on a “farm to market” road 
about three miles south of the town of Chandler in Henderson County. The bridge was 
constructed in July 1946 by the contract method following usual standard procedure. 
The slab tested was an intermediate span and received no special treatment in con- 
struction except for the marking of reinforcing steel. The tests were performed two 
months after construction. The particular design was prepared for roads carrying 
light traffic, on the theory that the high curbs give ample protection and that no railing 
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is necessary. The report gives information on all materials used including sizes and 
grades of steel reinforcing bars, cement, aggregates, strength and elasticity of the con- 
crete. Drawings and photographs show equipment and illustrate methods of loading 
and measuring strains. A 20-in. Berry Gage was used to measure strains at all points 
except at the curb stirrups where a 2-in. Berry Gage was used. The 20-in. gage gave 
measurements to the nearest 0.00001 in. per in. of length which correspond to a stress 
of 300 psi in steel and about 50 psi in concrete. The 2-in. gage measured strains to 
the nearest 0.0001 in. per in. corresponding to a stress of 3000 psi in steel. Attempts, 
however, to measure dead load stresses proved unsuccessful. Deflections were measured 
at mid-span of slab by means of Ames Dials. The loads applied represented the rear 
wheel concentrations of two design-standard trucks in adjacent lanes. 

For use in computing stresses from the measured strains a stress-strain curve repre- 
senting the average of three standard concrete test cylinders fabricated from concrete 
as used in the structure was plotted. Since the curve was not a straight line, it was 
necessary to make allowance for the dead load stresses present in the concrete in order 
to develop a true live-load, stress-strain curve. The computed dead load stress in 
top of slab was about 520 psi and in top of curb was about 580 psi. Hence to obtain 
the curve applicable to live load stresses only, the origin was transposed to the 500 
psi point on the total load curve and stresses and strains measured from that point. 

Live-load stresses in the transverse steel of the slab and in the curb stirrups at mid- 
span were found to be quite small. Maximum stress in the longitudinal direction were: 
77 percent of computed value for the concrete; and 58 to 68 percent of computed value 
for the steel. Stresses were greatest in the middle four feet of the slab width and de- 
creased toward the curbs. 

In the curbs, tension steel was found to carry less than the computed stress whereas 
the compression steel had greater than the computed stress. The maximum however 
was far below allowable working limit. Observed stress in concrete of the curbs was 
36 percent in excess of the computed value based on the observed position of neutral 
axis but was only 2 percent more than the computed stress based on theoretical position 
of neutral axis. 

Approximations of total stresses in the structure were made by combining theoretical 
dead load stress with the observed live-load stresses. Results of test check reasonably 
well the stresses derived in accordance with the Simplified Method of Design. as set 
forth in University of Illinois Bull. No. 346. 

Arbitrary increase in the assumed effectiveness of compression steel in curb, as 
suggested in Bull. 346, is not believed to be justified. The argument for such increase 
is based on the contention that, under very high stress, plastic flow will take place 
relieving the stress in concrete and raising the stress in steel. This assumption is logical 
in the case of continued dead load stresses of large magnitude, but it is difficult to con- 
ceive any appreciable extent of plastic flow under the momentary application of a large 
live-load. Since the principal stress in curb is live-load stress it is not believed logical to 
allow for plastic flow. The comparatively light curb stirrups used in this bridge (14-in. 
round bars at 12-in. spacing) were adequate 

No overstresses of appreciable magnitude were revealed in any portion of the structure. 
It sustained loads equivalent to double design live-load and impact with no indication 
of weakness. These tests demonstrated that the bridge is unquestionably of ample 
strength for use on the light traffic roads for which it was designed. The tests indi- 
cated, however, that curbs may be underdesigned in proportion to the slab and that a 
better balanced design can be attained at practically the same cost by widening the 
curbs, adding one more bar to compression steel in each curb, reducing thickness of 
slab at curbs and reducing amount. of transverse steel. 
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An open letter to the man out on the job: 


Dear ACI Member: 


We need your help as an ACI Member who belongs to a membership 
group from which we don’t hear much nor often: the contractors, the 
superintendents, the men who are faced with the necessities of making 
concrete behave under competitive job conditions, and, incidentally, 
getting things built. You have blueprints, specifications and equipment. 
You have men and materials—a shortage probably of both. You have 
problems which can’t always be solved “‘by the book.” 


How do you solve them? We need your help in knowing. 


One of the chief problems of our job is to get answers to that question. 
Under the direction of the Institute’s Technical Activities Committee a 
basic editorial responsibility is to find sources of information to improve 
the contents of the Journal of the American Concrete Institute—to make 
it serve more ACI Members in the way they wish to be served. 


Most of our new knowledge of concrete and its constituents comes to us 
from research laboratories and from engineers who are concerned with 
problems of reinforced concrete design. These groups are holding up 
their end. Often this new knowledge finds application on the job too 
slowly, for lack of interpretation in terms of use. 


Why? Is it because the man on the job builds; only rarely writes? 
His reactions to new research data, to specifications, to design procedures 
and recommended job practice don’t get into the record as often as they 
should. 


We are not asking you to “write a paper’’—although more papers 
direct from job experience are what we need—with a special ACI award 
set up for just such contributions. But will you do something much 
easier than that? ACI stands for mutual effort through exchange of 
experience. Will you do your occasional bit? 

Will you write us a letter—in it doing any one or more of three things: 

1. Describe a job problem (preferably from your own experience)—a 
problem of materials handling, of workmanship or anything of interest 
you like that is directly related to matters of improved concrete job 
practice. State the problem; if you solved it please tell how you solved it 
and the results. Give us only the briefest outline of the project on which 
it developed. Projects are likely to be unique. Job problems are often 
common to a great variety of projects and therefore of wide interest. If 
you did not solve the problem, give us enough information so we may put 
the problem up to others to solve—no mention to be made of your name 
unless you say so. 
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2. If you personally have no special problem in mind, either to describe 
as you solved it or to propound for the solutions others may suggest, 
you may be able to pass this to someone in your organization who is in a 
position to help in this way. We’d appreciate having you tell us who the 
man is and where to reach him and what he did or what he wants to know. 

3. If you don’t ‘“‘rise” to either of the foregoing paragraphs, will you 
do this: tell us what kinds of papers, dealing with what kind of informa- 
tion, would be most likely to be of service to you and to make the ACI 
JoURNAL more directly valuable to you and to others engaged in similar 
work. Perhaps too you know of some of the very men who could, if we 
could persuade them, write the kind of papers you would like to have us 
publish. 

The things we want most—because demand exceeds supply—are not 
lengthy treatises which are time-consuming first in their organization and 
later in their digestion of the facts. A one-page letter (perhaps 2 pages) 
or a few paragraphs hot off the griddle of job experience may be of help 
to many Members—and bring to you like information from the job 
experience of others. 

Sixteen letters, each of which could be developed into an interesting 
JOURNAL page or two, would be almost sure to have more eager readers 
than many of the 16- to 20-page papers. Do you remember the little girl’s 
caustic review of a book, ‘‘This book tells me more about duck-billed 
platypuses than I am interested in knowing’? From many a practical 
man’s viewpoint some of our papers are like that, basically important 
though they may be in the long run. A man working against time to get 
a job done is less concerned about elaborate data and the research tech- 
niques by which data were developed, than with precise information on 
what todo. The “‘What to do” is the applicable end product of research. 
The research men do their job well. The men who apply knowledge in 
action on the job? We need more of their help. 

We'd like to hear more from men on the job—men who have the prob- 
lems of handling men, materials. methods and equipment to produce 
sound structures. Such men are not likely to waste unnecessary words 
on duck-billed platypuses. 

Let us know how it goes on the job—and how ACI might help. 


—Harvey WuIpp.e, Secretary-Treasurer 





44'* ANNUAL ACI CONVENTION | 
Denver—February 23-26, 1948 
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WHO'S WHO in this JOURNAL 





Albert Weiner 


an ACI Member since 1945, author of 
“A Study of the Influence of Thermal 
Properties on the Durability of Concrete” 
p. 997, is engineer-in-charge of the Ithaca 
Concrete Laboratory of the U. 
of Engineers. 

Mr. Weiner received a BS degree from 
Brooklyn College in 1936 and holds an 
MS from New York University. 

He was employed by the New York 
City Board of Water Supply during much 
of the early construction of the Delaware 
Acqueduct. 1941 to 1946 he was 
employed at the Central Concrete Lab- 
oratory where he was in charge of the 
physical and chemical testing sections and 
the physical research section. He has 
been at his present station since June 
1946, in charge of testing concrete mate- 
rials for various War Department projects. 

He is 
reaction of Vinsol resin as it 
entrainment, published in the October 
1944 issue of the A.S.T.M. Bulletin. 


Walter H. Price 


author of “Erosion of Concrete by Cavi- 


5S. Corps 


From 


co-author of a paper on the 


affects air 


tation and Solids in Flowing Water” (p 
1009) ACI 
1937. He is secretary of Committee 613, 
Recommended Practice for the Design of 
Concrete Mixes, and co-author (with 
R. F. Blanks, FE. M. Vidal and F, M. 
Russell) of “The Properties of Concrete 
Mixes” (Apr. 1940 JourNAL). 

Since graduation from Tulane Univer- 
sity in 1930 he has been employed as an 
engineer by the U. 8. Bureau of Reclama- 
tion. 
were spent on hydraulic model studies in 
connection with spillway designs of Bould- 
er, Madden and other dams, and two 
years on the structural design of Boulder 


has been an Member since 


During this employment, two years 


Dam spillways and power plant. Since 


1934 his work has been devoted entirely 
to materials testing and research problems 
related to the construction of large con- 
crete irrigation works. \t 


dams and 


present he is head of the Materials Lab- 
oratories of the Bureau of Reclamation 
in Denver, Colo. 


George J. Verbeck 
“The 
Measuring Air 
(p. 1025). 
\fter being graduated from Lawrence 
College in 1939 with an AB degree and 
from the University of Chicago in 1941 


Lucida 
Voids in 


is the author of Camera 
Method for 


Hardened Concrete” 


with a MS degree in physical chemistry, 
Mr. Verbeck was employed by the Port- 
1941 to 
1943 in the field of physical chemistry, 


land Cement Association from 


particularly calorimetry. For about a 
year and a half he was research associate 
at the Institute of Gas Technology on the 
application of the fluid catalyst principle 
to the steel and gas industries, and during 
1944 and 1945 he worked for Koppers Co., 
Inc., Butadiene Division, as senior chemist 
in research to improve process production 
and efficiency. In 1945 he rejoined the 
r. Ow 
where he is at present engaged in studies 
of the 


Research Laboratories of the 


factors determining the weather 
resistance of concrete. 

Mr. Verbeck is a comparatively new 
Member of the Institute (Feb. 1947) and 


this is his first JouRNAL contribution. 


David Watstein 


an Institute 1941, is not 


Hlis present paper 


Member since 
new to these pages. 
“Distribution of Bond Stress in Concrete 
Pull-Out Specimens,” (p. 1041) reports a 
continuation of an investigation previously 
“Bond Stress in Concrete Pull- 


1941 


with 


reported: 

JOURNAL). 
Norman. A, 
Seese, Jr. on the paper ‘“‘Iffect of Type of 
Width of Cracks in 


Concrete Subjected to 


Out Specimens” (Sept. 


He also collaborated 
Reinforced 


(Feb. 


jar on 
Tension’ 
1945 JOURNAL) 

Mr. Watstein is Materials engineer at 
the National Bureau of Standards, Wash- 


ington, D.C, 
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Carl A. Menzel 


a Member of the Institute since 1935, is 
an author not unfamiliar to JOURNAL 
readers, his two most recent papers being 
“Some Factors Influencing Results of 
Pull-Out Bond Tests” (June 1939 Jour- 
WAL) and “Some Factors Influencing the 
Strength of Concrete Containing Admix- 
tures of Powdered Aluminum” (Jan. 1943 
JOURNAL). 

As Senior Research Engineer, Portland 
Cement Association Research Laboratory, 
Chicago, Mr. Menzel has long been asso- 
ciated with the design and development of 
methods and equipment for the testing of 
cement, concrete and concrete products. 
His present contribution ‘Development 
and Study of Apparatus and Methods for 
the Determination of the Air Content of 
Fresh Concrete” (p. 1053) was presented 
at the Cincinnati convention Feb. 24, 
1947 where Mr. Menzel also displayed a 
sample of the apparatus described. 





New Members 





The Board of Direction approved 73 
Membership (50 Indi- 
vidual, 1 Corporation, 11 Junior, 11 
Student) received in March. 

The Membership total on April 1, 1947 
after taking into consideration a few 


applications for 


losses by death, resignation and for 


non-payment of dues, was 3260. 

Individual 

Amos, Ralph F., 3800 Terminal Tower, 
Cleveland 13, Ohio 

Andrews, Earle T. 
dent, Pennsylvania Glass Sand Corp., 
Lewiston, Pa. 


(yeneral Superinten- 


Backstrom, James E. 
St.. Denver, Colo. 


1320 8. LaFayette 

Baxter, George P., 19 Bendigo St., East 
Preston N. 18, Victoria, Australia 

Blanchard, George Louis, 6969 George St., 
Chicago 34, IIL. 

Blunt, Grover A., 1635 Grande Ave., 
Cedar Rapids, lowa 


Bright, Thornton F., Carolina Steel and 
Iron Co., Greensboro, N. C. 

Cook, John William, 400 Alabama St., 
San Francisco 10, Calif. 

Cook, Roger H., 4036 E. 17th Ave., 
Denver 7, Colo. 

Coulson, Harry §., 1216 Pearl St., Boulder, 
Colo. 

Davis, W. A:, 2744 Pine Grove Ave., 
Chicago 14, IIL. 

Dies, A. 8., Canada Cement Co. Ltd., 
Montreal, Que., Canada 

Dobson, Leslie, North East District 
Office, Messrs., L. G. Mouchel & 
Partners Ltd., Westminster, England 

Eckler, Ernest H., Jr., U. S. Engineers, 

Valley 


Lower Mississippi 


Vicksburg, Miss. 


Division, 


Frame, Richard P., Holabird & Root, 
180 N. Wabash, Chicago 1, II. 

Garlinghouse, A. F., Garlinghouse Bros., 
2416 Kk. 16th St., Los Angeles 21, Calif. 

Garrison, William N., U. S. Bureau of 
Reclamation, D. F. C. Bldg.-1-B, 
Denver 2, Colo. 

Gilligan, William H., 155 E. 44th St., 
New York, 17, N. ¥ 

Graves, H. D., 830 Tejon, Denver, Colo. 

Greene, Kenneth T., Petrographic Labo- 
ratory, U. 5. Bureau of Reclamation, 
Denver 2, Colo. 

Harder, Ernest H., 80 Kenwood Pl., East 
Orange, N. J. 

Holland, William Y., 1243 S. Williams, 
Denver 10, Colo. 

Holmberg, Helmer H., 412 8S. 4th St., 
Moberly, Mo. 


Jennings, Carson G., P. O. Box 1285, 


Durham, N. C. 


King, Harold P., 
Los Angeles 5, Calif, 


3723 Wilshire Blvd., 


Kirchner, Robert, 1530 Rhode Island Ave. 


N. E., Washington 18, D. C. 


Kjellman, Victor H., North Conway, N. H. 


Larkins, Norman F 
Denver 3, Colo. 

Long, John F., 1882 8S. St. Paul St 
Denver 10, Colo. 


. 505 Gilpin St. 








6 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


McDonough, John M., 3425 Michigan 
Ave., Cincinnati 8, Ohio 

Mehta, M. A., c/o Concrete Association 
of India, 1 Queen’s Road, Fort, Bom- 
bay, India 

Muchemore, 8. E., Lockwood Greene 
Engineers Inc., 10 Rockefeller Plaza, 
New York, N. Y. 

Nelson, George E., P. O. Box 778, Merced, 
Calif. , 

Osteyee, Edwin §., 177 State St., Bridge- 
port 3, Conn. 

Ponton, Jose Mariano, Calle Colima No. 
166, Mexico, D. F. 


Rodgers, Ben O., 2310 3S. Gilpin St., 
Denver 10, Colo. 
Rodionov, Alexander P., 211 Hedden 


Bldg., 2903 2nd Ave., Billings, Mont. 

Toush, Wilbur D., 413-C Columbia 5t., 
Coulee Dam, Wash. 

Senez, H. F., c/o Dewey & Almy Chemical 
Co. of Canada Ltd., Montreal 32, Que., 
Canada 

Shaw, Barton H., 
Cincinnati 8, Ohio 

Shideler, Joseph J., ¢ 
Reclamation, D. F. C. 
Denver 2, Colo. 

Shoemaker, Edwyn L., Warner Co., 219 
Broad St., Philadelphia 7, Pa. 

Sligar, Jas. N., Jr., 1926 Newton St., 
Denver 4, Colo. 

Sommerschield, Harold F., 
Keating Ave., Chicago 30, III. 

Carl H., 114 Linwood 
Bridgeport 5, Conn. 

South, John E., Engr. of Bridges & Bldgs., 
Pennsylvania Railroad, 30th Street Sta. 
Bldg., Philadelphia 4, Pa. 

Stout, J. H., 1130 Leyden St., Denver 7, 
Colo. 

Tso, Meng Hsing, Designing Office, Engi- 

Dept., Canton-Hankow 


3024 Griest Ave., 
o U. S. Bureau of 
Bldg., 1-B, 


1617 N. 


Sorensen, Ave., 


neering tail- 
way, Hengyang, Hunan, China 

Wagner, Norman, 427 Lister Bldg., 42 
James St. N., Hamilton, Ont., Canada 

White, George G., Larson, White & Hunt, 
830 Main St., Cincinnati 2, Ohio 


Corporation 


Concrete Supply Co. Inc., Station B, Box 
22, Evansville 12, Ind. (J. H. Rudolph) 
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Junior 

Finkel, Hartley K., 
Elizabeth, N. J. 

Gaviria, Dorio, Ospina Perez y cia, Apar- 
tado Aereo 799, Medellin, Colombia 

Hadley, M. H., 708 Parramatta 
Croydon, Sydney, Australia 

Ray, 245 Darlinghurst Rd., 
Darlinghurst, Sydney, Australia 

Hickey, Gerald A., 1004 E. St. 
St., South Bend, Ind. 


518 Irvington Ave., 


toad, 
Hawes, 
Vincent 


Lauritzen, Val, 347 Bunnerong Rd., 
Maroubra, Sydney, N. 8. W. Australia 

MacDonald, D. C., 75 Edward 
Ave., Earlwood, Sydney, Australia 

MeDonald K. A., 45 Penshurst  St., 
Willoughby, Sydney, Australia 


Prince 


Smart, Sydney H., Austen, Booth & Coy, 
2 Hunter St., Sydney N.S. W., Australia 

Westphal, Jim W., 2259 Montrose Ave., 
Montrose, Calif. 

Williams, Roy H., 5 “The Biltmore’”’ Flats, 
22 Wilberforce Ave., Rose Bay, Sydney, 
Australia 


Student 
Batchelder, Francis J., 
Ann Arbor, Mich. 
Nahim, 


1451 Rosewood, 
Dagdug, Mesones 128, 
D. F. 

Hernandez, Manuel Calle de 
Tacuba No. 62—altos, Mexico, D. F. 
Heyward, Allan M., 106 

Charleston, 8. C. 
Vidal Hacienda de la 
Soledad, Ixtapalapa, Mexico 
Lewis, Frederick A., Jr., 221 
W. Atlanta, Ga. 


Patten, Joseph E., 


Mexico, 
( 1AVOSSO, 
Tradd_ St., 
Idrac, Alonso, 
{th St., N. 
609 River St., Santa 
Cruz, Calif. 


Pelton, Robert L. 
Seattle 5, Wash. 


1211 34th N. E,, 


, 

Rockerman, Gebhard George, 52 West- 

gate W., Cambridge 39, Mass. 

Alfredo A., The Citadel, Box 
1853, Charleston, S. C. 

Sharpe, Roland L., 1125 


Arbor, Mich. 


tubens, 


White, Ann 
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Honor Roll 


February 1, 1947 to April 1, 1947 





Jack A. Crofts heads the Honor Roll 
April 1, 1947 with credit for 7 new mem- 
bers. Henry L. Kennedy and Elmo C. 
Higginson are tied for second place with 
credit for 5 new members each. 


Jack A. Crofts 7 
Elmo C. Higginson 5 
Henry L. Kennedy. 5 


C. A. Hughes. . 
Alberto Dovali Jaime 
Dean Peabody Jr. 
Lewis H. Tuthill 
Miles N. Clair 

E. Gonzales-Rubio 
I. S. Rasmusson. 
Stanton Walker. . 
Ray A. Young 
Carlos D. Bullock 
T. C. Kavanagh 
James A. McCarthy 
Richard C. Mielenz 
R. H. Sherlock 

A. H. Brewer 
Joseph Coel 

Robert L. Mauchel 
Oliver H. Millikan 
Walter H. Price 

A. Amirikian. . . 

W. A. Carlson. . 

W. Fisher Cassie. 

H. F. Clemmer 
Aloysius E. Cooke 
William A. Cordon 
Harmer E. Davis 
William E. Fett 

E. I. Fiesenheiser 
Robert W. Freeman 
Athol C. Garing 


H. F. Gonnerman 
Emil A. Gramstorff 
E. F. Harder... . 
James H. Jacobson 
Max Jamison. . 
John J. Kelley. 
Walter Lohrey 
Duncan MeConnell 
C. Russell Moir 
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Orley O. Phillips. . 
Julian A. Pollak.... 


John W. Robison 
R. D. Rogers. . 


Anton N. Rydland. . 


T. E. Stanton 


John H. Swerdfeger. 
H. F. Thomson... .. 


E. W. Thorson 


Frederick N. Weaver 


The following credits are in each in- 
stance, ‘50-50’ with another Member. 


Joseph Avant 

S. B. Barnes 

J. M. Breen 

Jose Luis Capacete 
Julian B. Carson 
John H. Cassidy 
Wilbur H. Chamberlin 
A. D. Ciresi 
tolland Cravens 
Hardy Cross 

R. A. Crysler 

Ek. H. Darling 

G. E. Davis 

John G. Dempsey 
Clarence W. Dunham 
John R. Dwyer 

A. V. Farley 
Rudolf Fisch] 

P. J. Freeman 
Frank M. Fucik 
Ernst Gruenwald 
Edward L. Howard 
Frank H. Jackson 
M. E. James 
Arthur Krueger 


Ben Moreell 


In recognition 


T. R. S. Kynnersley 

Wm. Lerch 

Raul Lucchetti 

H. St. J. R. de Lys 
Gregson. 

Harmon 8. Meissner 

John R. Morris 

Calvin C. Oleson 

Henry A. Pfisterer 

James A. Polychrone 

Walter F. Rasp 

Ross M. Riegel 

H. H. Scofield 

Aubrey B. Sleath 

= Thor valdson 

A. G. Timms 

I. L. Tyler 

Charles A. Vollick 

James D. Wall 

Arthur J. Widmer 

G. M. Williams 

Walter I. Winner 

George Winter 

J. C. Witt 

Leslie P. Witte 


Admiral Moreell’s 


twelve years of Board service the ACI 


Board of Direction expressed its unani- 


mous appreciation 


its Feb. 26, 1947 


meeting in the following message: 


“To Ben Moreell 


From the Board of Direction of the Ameri- 


can Concrete Institute in appreciation of 


vour service to the Institute. 


After twelve years of unselfish service 


to the American 


Concrete Institute as 


Director, Vice-President, President and 
Past-President you are now about to re- 


tire from active participation in its man- 


agement. 
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We want at this time to express the 
appreciation of the members of the Board 
of Direction for your service to the In- 
stitute and for the personal privilege of 
having worked with you. 

During these years our country’ has 
passed through an agonizing war, in 
which you attained distinction far beyond 
the possibilities of most men. You di- 
rected with brilliant success the operations 
of one of the most important arms of the 
Nation’s organization for war. You at- 
tained the highest rank in your profession 
and won the acclaim and respect of all of 
your countrymen. 


Even during this trying time of national 
emergency, you kept your faith in the 
ideals of the Institute and your belief 
that its objectives are valuable to the 
future well-being of our country, and gave 
us wise counsel many times when you were 
burdened with more weighty matters. 

We thank you and want to tell you that, 
with all else, you have won the friendship 
and affection of us all forever. We are 
proud of your achievements, and wish 
you the best of good fortune, the accom- 
plishment of which we do not doubt, in 
the new career upon which you are now 
starting. 

Approved unanimously by the Board of 
Direction of the American Concrete In- 
stitute, in meeting assembled on this 
twenty-sixth day of February, nineteen 
hundred forty seven. 

(s) Stanton Walker, President 


(s) Harvey Whipple, Secretary-Treasurer”’ 


Admiral Moreell has been elected chair- 
man of the board and president of the 
Jones & Laughlin Steel Corp. and assumed 
his new duties March 17. To accept his 
new position, he resigned as president. of 
the Turner Construction Co. but will con- 
tinue to be a member of its board of 
directors. 


Henry C. Turner, Jr. 


son of the founder of the Turner Construc- 
tion Co., has been elected president of that 
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Company to sucéeed Admiral Moreell and 
assumed the duties of his new position 
March 17. He has been an ACI Member 
since 1939. 


Boyd G. Anderson named to 
Committee 312 

At the request of Charles 8. Whitney, 
chairman of Committee 312, Plain and 


Reinforced Concrete Arches, Boyd G, 
Anderson, Washington, D. C. has been 
named as a new member of that com- 
mittee. 

N. M. Loney 

who first became a Member of the In- 


stutute in 1919 as representative ofthe 
Thompson-Starrett Co. and who served 
on the ACI Board of Direction 1924-25, 
has opened offices in Detroit as an indus- 
trial consultant on all phases of new plant 
construction or plant expansion, Mr, 
Loney recently resigned as Director of 
Works Engineering, Fisher Body Div., 
General Motors Corp. During his long 
career he has also been associated with the 
American Can Co. and the Pennsylvania 
Railroad. 


Denver local committee prepares for 
a great convention, Feb. 23-26, 1947 

The enthusiasm of the local committee 
that the 
should be one of the biggest and one of the 
best that has ever been held by the In- 
stitute. 

Over fifty ACI Members from Colorado 
and Wyoming met in Denver recently to 


indicates Denver convention 


prepare plans and perfect an organization 
to handle the 1948 convention in Denver, 
Tentative plans call for five technical 
sessions, an inspection trip of Bureau of 
Reclamation laboratories, and a trip to 
view current work on the 
Bureau’s Colorado-Big Thompson Project. 
The latter trip will provide an opportunity 
for viewing some of Colorado’s incom- 
parable mountain scenery. E. W. Thorson 
was elected chairman of the local conven- 
tion committee. 


construction 
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CORR SR aR Coe uae 
Royall D. Bradbury 


an ACI Member since 1928, died at his 
home in Washington on March 21, 1947. 
Mr. Bradbury, a native of Jefferson City, 
Mo. was a graduate of the University of 
Missouri and received a graduate degree 
from Massachusetts Institute of Technol- 
ogy in 1906. After teaching at MIT for 
several years he served as a private con- 
sultant on concrete design in New York 
and New England until 1930 when he was 
appointed engineer director of the Wire 
Reinforcement Institute. In 1946 he was 
named a special assistant to the commis- 
sioner of the Public Roads Administration. 

He was active in Institute technical 
committee work for many years, being a 
member of Committees 315—Detailing 
Reinforced Concrete Structures; 318 
Standard Building Code; and 617 
Specifications and Recommended Practice 
for Concrete Pavement and Bases. 

In addition to ACI he was a member of 
A.S.C.E., A.S.T.M. and the Highway 
Research Board. He was the author of a 
textbook on paving problems, ‘‘Reinforced 
Concrete Pavement” published in 1938. 


Clifford G. Dunnells 
ACI Member since 1923 and former 
Board Member (1941-42), consulting civil 
engineer and engineering educator died at 
his home in Pittsburgh on April 15, 
following a long illness. 

Mr. Dunnells was a professor of civil 
engineering, emeritus, at Carnegie In- 
stitute of Technology, and until his retire- 
ment from Carnegie in 1943 had been a 
member of the faculty there since 1910 
when he was appointed assistant professor 
of mathematics and physics in the old 
School of Applied Industries. 

He was born at Glenfield, Allegheny 
county, in 1875, attended Pittsburgh 
public schools and in 1893 was graduated 
from the old Central High School. The 
following year he spent as a student at the 
Western University of Pennsylvania (now 
the University of Pittsburgh). 


Entering Lehigh University in 1894, 
he obtained a degree in civil engineering in 
1897. Following graduation he joined the 
Pittsburgh Bridge Co. as a civil engineer, 
and when that firm was taken over by the 
American Bridge Co., he remained to be- 
come assistant designing engineer. Re- 
signing in 1910, he joined the faculty at 
Carnegie Tech and at the same time be- 
came consulting engineer to several arch- 
itectural concerns in Pittsburgh. 

Professor Dunnells was responsible for 
the engineering work on some of the larg- 
est industrial, financial and business struc- 
tures of the Pittsburgh district, and also 
had a part in the construction of build- 
ings of importance in various parts of the 
country east of the Mississippi River. 

In addition to the ACI, Professor Dun- 
nells was a past president, Pittsburgh Sec- 
tion, A.S.C.E. and a director for three 
years of the national body of that society. 
He was also a member of the Engineers 
Society of Western Pennsylvania; and 
Phi Kappa Phi, scholastic honorary 


Building officials recommend hotel 
fire safeguards 


Recommendations designed to minimize 
loss of life in hotel fires were made public 
recently by the executive committee of the 
Building Officials Conference of America, 
Inc., following review of findings and con- 
clusions of the Conference’s committee on 
inquiries into disasters based on an in- 
vestigation of the Winecoff Hotel fire in 
Atlanta in December. 

The Conference recommended, among 
other things, the elimination or sealing of 
transoms in hotel guest rooms; the pro- 
tection of all floors by supervised watch- 
men’s services, in lieu of adequate fire 
protection equipment provided with auto- 
matic transmission of alarm to the fire 
department; and the installation of fire 
vent flues and ducts to conduct super- 
heated air and gases to a point of dissipa- 
tion outside buildings. 
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Bureau of Reclamation has openings 
for engineers 


A new Engineer examination that has 
been announced for filling positions with 
the Bureau of Reclamation throughout 
the States of Oregon, Washington, Cali- 
fornia, Arizona, Nevada, Idaho, Montana, 
Wyoming, Colorado, New Mexico, Utah, 
North Dakota, South Dakota, Nebraska. 
Kansas, Oklahoma and Texas. The 
salaries range from $3,397 to $4,902 a 
year. 

To qualify, applicants must have com- 
pleted a professional engineering curricu- 
lum leading to a bachelor’s degree in a 
college or university; or they must have 
had 4 years of technical engineering ex- 
perience or appropriate education 
experience combined. In addition, they 
must have had from 1 to 3 years of re- 


and 


sponsible professional engineering ex- 
perience. Graduate study in engineering 


may be substituted for 2 years of the re- 
quired professional experience. No written 
test is required. 
be secured 


Application forms may 


at most first- and second- 


class post offices, from Civil Service Re- 
gional Offices, or from the U. 8. Civil 


Service Commission, Washington 25, D.C. 

Applications must be filed 
Executive Secretary, Central 
U. S. Civil Service Examiners, 
Reclamation, Room 230, New Custom- 
house Building, Denver 2, Colo. not late: 
than May 20, 1947. 


with the 
Board 


Bureau of 


ot 


New strain indicator 

Accurate measurement of rapidly chang- 
ing dimensions caused by ip 
structures of all kinds is possible by aeans 
of new strain indicator developed at the 
David W. Taylor Model Basin, U.S. Navy 
according to a report for sale by the Office 
of Technical Services, U. 
of Commerce. The report was prepared 
by George W. Cook, chief supervisor of 
the electronics section of the Model Basin. 


stresses 


8S. Department 


Using this carrier-type strain indicator, 
the report states, an impressive array of 
complicated strain measurements has been 
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made, many of them in field tests under 
difficult conditions. 

By this indicator, 
changes in length of a specimen as small 


means of strain 
as 8 millionths of an inch per inch can be 
recorded even though the changes occur 
at a rate of 200 per second. 

The carrier-type indicator greatly ex- 
tends the useful application of the wire- 
resistance “metalectric” strain 


or gage, 


the report states. The metalectric gage, 
undoubtedly ‘the most important single 
contribution” in strain-measuring appara- 
tus of the past decade, measures small 
variations in length of test specimens by 
means of variations in the electrical re- 
the gage. It is 
variety of shapes and sizes, for different 


sistance of made in a 
types of strain measurements. 

Use of the indicator with the metalectrie 
gage consists of impressing variations in 
the flow of electric current through the 
gage, resulting from variations in resist- 
ance caused by dimensional changes, on 
similar 


an oscillating or ‘‘carrier current”’ 


to that used in radio. The report includes 
a mathematical discussion of the method of 
operation and instructions for calibration, 

Based on the design principles set forth 
in the report, four models of the strain 
indicator have been built and used by the 
Taylor Model Basin and other research 
agencies. One type was built particularly 
Another 
model was designed to indicate strains in 


for use in flight testing aircraft. 
various parts of large engines, including 
the effects of the piston in various positions. 

Orders for the report, A Carrier-T' ype 
(PB-57506; photostat, 
$3; microfilm, $1; 36 p. including photo- 


Strain Indicator, 
graphs, diagrams, and tables) should be 
addressed to the Office of Technical Serv- 
ices, Department of Commerce, and 
should be accompanied by check or money 
order, payable to the Treasurer of the 


United States. 
Spectrographic analysis of portland 
cement 

A satisfactory spectrographic method 
for determination of the constituent ele- 
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ments of portland cement—particularly 
the minor elements that may contribute 
favorable or unfavorable properties to 
concrete has been developed. The usual 
chemical methods of analysis of portland 
cement for minor elements are time-con- 
suming and subject to considerable human 
error, particularly in the determination of 
the alkali elements. The system of spec- 
trographic analysis, which grew out of 
earlier investigations applied specifically 
to the determination of sodium, potassium, 
and lithium, provided the solucion to this 
analytical problem. In order to take the 
fullest advantage of this method, the 
study was extended by A. W. Helz and 
B. F. Scribner to include the determination 
of all the constituent elements of portland 
cement susceptible of ready determination 
by spectrographic means. 


The principal problem involved — in 
spectrographic analysis is to excite the 
characteristic spectra of the elements in 
the sample in a_ reproducible manner. 
This was accomplished in the analysis of 
portland cement by the new method of 
forming a compressed pellet of the cement 
mixed with a binder of graphite powder, 
a reference material of cobalt oxide, and a 
buffer of potassium nitrate. The pellet 
and a graphite rod serve as electrodes be- 
tween which an intermittent are discharge 
is passed. The light from the are is then 
observed with a spectrograph and the 
photographed spectrum is measured for 
the characteristic lines of the elements to 
be determined. Quantitative determina- 
tions are based on comparison with 
standard samples of cements having com- 
positions carefully determined by chemical 
methods. 


In the sample mixture, the graphite 
serves a dual purpose: to bind the material 
together when pressed into the required 
pellet 14-in. in diameter and \%-in. thick 
and to conduct electricity through the 
electrodes. The cobalt oxide provides a 
reference element in fixed concentration 
in the sample; the intensities of spectral 
lines of the minor elements in the cement 


are measured relative to the intensities of 


selected cobalt lines. The addition of a 
known excess of potassium nitrate over- 
comes effects on the spectra caused by 
variations in the concentrations of the 
alkali elements in the cement. 

The method provides for the quantita- 
tive determination of the following con- 
stituents, which are reported as concen- 
tration of their oxides: aluminum, iron, 
magnesium, sodium, potassium, man- 
ganese, and titanium. In addition, suit- 
able spectral lines are listed for the de- 
tection of lithium, chromium, strontium, 
and zirconium. 

The spectrographic analysis of portland 
cement provides advantages ol speed and 
freedom from human error. An operator 
can analyze eight cement samples in dup- 
licate for seven elements, a total of 112 
determinations, in 8 hours. The time re- 
quired for the equivalent chemical analysis 
would be several davs. Furthermore, the 
method is sufficiently accurate for control 
work and is believed advantageous for 
applications in which a considerable 
volume of testing is involved. Where 
reliable standard samples are available 
the method shows promise of ready ex- 
tension to the analysis of cement raw 


materials and many ceramic materials. 


Twenty technical sessions at ASTM 
annual meeting in Atlantic City, 
June 16-20 


In addition to the 20 formal technical 
sessions which are part ol the technical 
program for the Fiftieth (1947) Annual 
Meeting of the American Society for 
Testing Materials in Atlantic City, 
June 16-20 inclusive, there will be more 
than 250 meetings of the Society’s tech- 
nical committees. All sessions will be 
held at Chalfonte-Haddon Hall. There 
will be events under way morning, after- 
noon and evening of each of the days 
except the last day, Friday, June 20,when 
the closing sessions are scheduled for the 
afternoon. 
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SYNOPSES of recent ACI Papers and Reports 





Institute papers of this JOURNAL 
Vol. 18 which are currently avail- 
able. Unless otherwise noted sepa- 
rate prints are 25 cents each. 
Starred ¥& items are 50 cents or more, 
as indicated. Please order by title 
and title number. 


REINFORCED CONCRETE COLUMNS 
UNDER COMBINED COMPRESSION 
AND BENDING...........0seeee00+ 43-1 
HAROLD E. WESSMAN—Sept. 1946, pp. 1-8 (V. 43) 


Algebraic methods available heretofore for the analysis 
of the reinforced concrete column subject to combined 
compression and bending have usually involved the solu- 
tion of a complex cubic equation and have taken con- 
siderable time when applied to particular problems. A 
new method of successive approximations converging 
ome to an exact answer and avoiding the use of the 
cubic equation is presented in this paper. The key to the 
method is the reciprocal relationship existing between 
the load axis and the neutral axis of the transformed sec- 
tion. The method may be applied to any shape of cross 
section and any arrangement of reinforcing steel, provid- 
ing there is one axis of symmetry and the plane of bending 
coincides with this axis. The theory behind the method is 
presented and illustrated with three typical problems. 


EFFECT OF MOISTURE ON THERMAL 
CONDUCTIVITY OF LIMEROCK 
CONCRETE...ccccccccccccscccccccee 432 
MACK TYNER—Sept. 1946, pp. 9-20 (V. 43) 


The coefficient of thermal conductivity, k, of limerock con- 
crete is a function of temperature, composition and density 
or moisture content. No attempt has been made to 
measure the effect of temperature on Holding the 
temperature reasonably constant, the effect of composi- 
tion on k has been measured for two limerock concrete 
mixes (1:5 and 1:7 by volume). The 1:5 mix has a k that 
is 10 per cent larger than the k for the 1:7 mix. 

With the temperature and composition held constant, 
the effect of moisture on k for the 1:5 and 1:7 mixes has 
been measured. The moisture content has a very profound 
effect on k, e.g. increases of moisture from zero to 5 per 
cent increases the k of 1:5 mix by 23 per cent and from 
zero to 10 per cent increases the k by 46 per cent. Con- 
cretes should be kept dry if their maximum heat insulation 
effect is desired. 


CEMENT INVESTIGATIONS FOR 
OULDER DAM—RESULTS OF 
TESTS ON MORTARS UP TO AGE 
OF 10 YEARS......ccccccccccccccce 4303 


RAYMOND E. DAVIS, WILSON C. HANNA and 
ELWOOD H. BROWN—Sept. 1946, pp. 21-48 (V. 43) 


The effects of composition and fineness of the laboratory 
cements employed in cement investigations for Boulder 

m upon strength, volume changes, and sulfate resistance 
of mortars, are reported for ages up to 10 years. For both 
wet and dry storage conditions, factors for each of sev- 
eral ages are given which indicate the contribution of 
each of the four major compounds present in portland 
cement to tensile and compressive strengths and volume 
changes. 


* ANALYSIS AND DESIGN OF ELE- 
MENTARY PRESTRESSED CONCRETE 


MEMBERS........-.-eeeeeeeceeeeees 43-4 


HERMAN SCHORER—Sept. 1946, pp. 49-88 (Vol. 43) 


The purpose of this paper is to outline the analysis and 
design of el tary prestressed concrete members, such 








as beams, columns, ties, etc., subjected to internal and 
external axial forces and bending moments. The internal 
stresses, caused by the action of the prestress forces, are 
combined with the stresses due to external loads in three 
typical loading stages. The first stage considers the stress 
condition pe Lr trom the simultaneous application of all 
sustained loads. The second stage determines the strey 
changes due to normal live loads, based on a truly mono. 
lithic participation of the entire concrete area. The third 
stage assumes a crack tension zone, which condition 
introduces the derivation of ultimate stresses and clarifies 
the influence of the prestress action on the type of failure, 
The analytical expressions are simplified by means of 
convenient ratios, which essentially define the sectional 
shape, the effective steel prestress, and the concrete fiber 
stresses. Numerical examples serve to illustrate the yarious 
steps. 


*STUDIES OF THE PHYSICAL 
PROPERTIES OF HARDENED PORT- 
LAND CEMENT PASTE 


(Part 1) Price 50 cents.......... 00+ e eee 
(Part 2 and appendix) Price 75 cents...43-5b 
(Part 3) Price 50 cents...... iecsenn - 43-5¢ 
(Part 4, appendix to parts 3 and 4) Price 
SP iacscheneseesecsceces 0043654 
(Part 5) Price 50 cents......scccceeee ch dodo 
(Parts 6 and 7) Price 50 cents ...... .. 43-5 
(Parts 8 and 9) Price 60 cents ...... « » »43-5g 


T. C. POWERS and T. L. BROWNYARD—Oct. 1946, pp, 
101-132, Nov. 1946, pp. 249-336, Dec. 1946, pp. 469. 
504, Jan. 1947, pp. 549-604, Feb. 1947, pp. 669-719, 
Mar. 1947, pp. 845-880, April 1947, pp. 933-992 (V. 43) 


IN NINE PARTS 


Part 1. A Review of Methods That Have Been Used for 
Studying the Physical Properties of Hardened 
Portland Cement Paste 

Part 2. Studies of Water Fixation 
Appendix to Part 2 

Part 3. Th tical Interpretation of Adsofption Data 

Part 4, The Th dy ics of Adsorpti 
Appendix to Parts 3 and 4 

Part 5. Studies of the Hardened Paste by Means of 
Specific-Volume Measurements 

Part 6, Relation of Physical Characteristics of the Paste 
to Compressive Strength 

Part 7. Permeability and Absorptivity 

Part 8. The Freezing of Water in Hardened Portland 
Cement Paste 

Part 9. General Summary of Findings on the Properties o! 
Hardened Portland Cement Paste 


This paper deals mainly with data on water fixation In 
hardened portland cement paste, the properties of evapor- 
able water, the density of the solid substance, and the 
porosity of the paste as a whole. The studies of the 
evaporable water include water-vapor-adsorption charoc 
teristics and the thermodynamics of adsorption. The dis 
cussions include the following topics: 











. Theoretical interpretation of adsorption data 

The specific surface of hardened portland cement 

paste 

. Minimum porosity of hardened paste 

Relative amounts of gel-water and capillary wale 

The thermodynamics of adsorption 

. The energy of binding of water in hardened poste 

. Swelling pressure 

. Mechanism of shrinking and swelling 

9. Capillary-flow and moisture diffusion 

10, Estimation of absolute volume of solid phase it 
hardened paste 

11. Specific volumes of evaporable and non-evaporable 
water 

12. Computation of volume of solid phase in hardened 

paste 








nrties of 


ation In 


y wale! 


d paste 


hase in 
porable 
ardened 








ACI NEWS LETTER 13 


13. Limit of hydration of portland cement 

14. Relation of physical characteristics of paste to 
compressive strength 

15. Permeability and absorptivity 

16. Freezing of water in hardened portland cement 
paste 


* yMINIMUM STANDARD REQUIRE- 
MENTS FOR PRECAST CONCRETE 
ED vccticcesescoveneens Me 


REPORTED BY ACI COMMITTEE 711—Oct. 1946, pp. 
133-148 (V. 43) In special covers 

Supersedes 40-17, 42-11. 

These minimum standard requirements are to be used as 
supplements to the ACI “Building Regulations for Rein- 
forced Concrete” (ACI 318-41). With respect to design 
for strength, i. e., for bending moment, bond and shear 
stresses, all types shall be designed in accord with standard 
reinforced design theory and ACI 318-41. With respect 
to cover, there is in some cases departure therefrom 
justified by the greater refinement in the finished product 
when made by factory methods with factory control. Pre- 
cast floor systems with |-beam type and hollow core type 
joists are covered. ppendix contains applicable sec- 
tions of the ACI code (ACI 318-41). This report, origi- 
nally published in Feb. 1944 Journal, has been revised by 
the committee and adopted by the Institute as an ACI 
Standard, Aug. 1946. The committee consists of F. N. 
Menefee, Chairman, Warren A. Coolidge, R. E. Copeland, 
Clifford G. Dunnells, H. B. Hemb, Harve Kilmer, Glenn 
Murphy, Gayle B. Price, John Strandberg, J. \W. Warren, 
Roy R. Zipprodt. 


*%kRECOMMENDED PRACTICE FOR 
THE CONSTRUCTION OF CONCRETE 
PARM SILOS ..cccccccccccccccccce 4307 


REPORTED BY ACI COMMITTEE 714—Oct. 1946, pp. 
149-164 (V. 43) In special covers 

Supersedes 40-10, 42-12. 

These recommendations describe practice for use in the 
design and construction of concrete silos—stave, block 
and monolithic, for the storage of grass or corn silage. 
The report is the work of the committee consisting of 
William W. Gurney, Chairman, J. W. Bartlett, Walter 
Brassert, Claude Douthett, Harry B. Emerson, William G. 
Kaiser, R. A. Lawrence, G. L. Lindsay, J. W. McCalmont, 
Dalton G. Miller, C. C. Mitchell, K. W. Paxton, B. M. 
Radcliffe, Charles F. Rogers, Stanley Witzel. It was 
adopted by the Institute as an ACI Standard Aug. 1946. 


THE DURABILITY OF CONCRETE IN 
SERVICE 


F, H. JACKSON—Oct. 1946, pp. 165-180 (V. 43) 


This paper discusses the problem of concrete durability 
with reference primarily to highway bridge structures 
located in regions subject to severe frost action. Four 
major types of deterioration are defined and illustrated 
and several specific matters which have bearing on the 
problem; including the effect of construction variables 
modern vs. old fashioned cements, air entrainment and 
the so-called “cement-alkali’’ aggregate reaction, are 
iscussed. The report concludes with a series of 
fecommendations indicating certain corrective measures 
which should be taken. 


WEAR RESISTANCE TESTS ON CON. 
CRETE FLOORS AND METHODS 
OF DUST PREVENTION ........... 43-9 


GEORG WASTLUND and ANDERS ERIKSSON—Oct. 
1946, pp. 181-200 (V. 43) 


This paper presents a description of tests made on con. 
crete floor specimens of various types in order to determine 
their resistance to wear and to investigate the character 
of deterioration of concrete floor surfaces due to traffic 

he results of these tests show that concrete floors pro- 
vided with finish courses containing coarse aggregate up 
to about 4 inch in size and an excess of pea gravel are 
definitely superior to concrete floors with a finish course 


containing fine sand only which are common in Sweden 
at the present time. Moreover, this investigation has 
helped to elucidate the causes of the often very severe 
and detrimental dusting of concrete floors. The surface 
skin of concrete floors is of poor quality and is easily 
abraded. Dusting can be considerably reduced if the 
poor surface skin is removed by machine grinding provided 
that the concrete below the surface skin is of first-rate 
quality. The paper concludes by proposing a detailed 
tentative specification for concrete floor finish which 
differs in essentials from current Swedish practice. 


* LINING OF THE ALVA B. 
ADAMS TUNNEL..........-.++.++-43-10 
RICHARD J. WILLSON—Nov. 1946, pp. 209-240 (V. 


The 13.03 mile Alva B. Adams Tunnel, excavated under 
the Continental Divide, as a part of the transmountain 
water diversion plan of the Colorado-Big Thompson Pro- 
ject, United States Department of the Interior, Bureau of 
Reclamation, is now lined with concrete. Lining equip- 
ment and methods and aggregate processing are de- 
scribed. 


REPAIRS TO SPRUCE STREET 
BRIDGE, SCRANTON, PENNA......43-11 
A BURTON COHEN—Nov. 1946, pp. 241-248 (V. 43) 


Repairs and reinforcements of the Spruce Street Bridge 
built in 1893 over the Lackawanna Railroad and Roaring 
Brook in Scranton, Pa. are described. The effective 
application of the “Alpha System-Composite Floor De- 
sign’ reinforced the floor system at the same time a new 
concrete floor slab was laid. Concrete prices are in- 
cluded and eleven illustrations supplement the text of the 
paper. 


THE STRUCTURAL EFFECTIVENESS 
OF PROTECTIVE SHELLS ON REIN- 
FORCED CONCRETE COLUMNS....43-12 
F. E. RICHART—Dec. 1946, pp. 353-364 (V. 43) 


This paper presents a study of 108 plain, tied or spirally 
reinforced concrete columns. The columns were 7, 8 and 
9 in. round or square, 45 in. ong, and the ties and spirals 
were 6 in. in diameter. 

The columns were loaded axially, with “flat” ends. 
Strains were measured and close observations were made 
of the initial failure of the protective shell. 

Analyses of the test results were made to see if the column 
shells were fully effective. This was the case with the 
shells of spirally reinforced columns, but the tied columns 
showed a slight deficiency in the strength expected on 
the basis of previous tests of the 1930 ACI column 
investigation. 

The test results lend support to the design methods pre- 
scribed in the current ACI Building Regulations for 
Reinforced Concrete. 


PRECAST CONCRETE STRUCTURES. . 43-13 
A. AMIRIKIAN—Dec. 1946, pp. 365-380 (V. 43) 


Precasting is becoming a major factor in the choice of 
reinforced concrete as a construction material because of 
ever-rising cost of labor and materials. The advantages 
of precasting are not however confined to savings in cost 
and materials. Since it isa planned method of construction, 
comparable to factory production, its use also assures a 
better control of quality and speedier completion of the 
project. This article is an attempt to show how precasting 
can be utilized to provide the framing of a great variety 
of structures. The first part deals with bent type of framing 
as used in buildings, the second describes a novel type of 
framing consisting of precast cells, particu ar y suitable for 
floating structures. 


COMPARATIVE BOND EFFICIENCY 

OF DEFORMED CONCRETE REIN- 
FORCING BARS..........+-+00+++++43-14 
ARTHUR P. CLARK—Dec. 1946, pp. 381-400 (V. 43)] 


The purpose of the tests described was to determine the 
resistance to slip in concrete of 17 different designsfof 
deformed reinforcing bars. 
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The tests were of the pull-out type in which the bars were 
cast in a horizontal position, the depth of concrete under 
the bars and the length of embedment were varied. The 
slip of the bar was measured at the loaded and free end. 
Three tests were made of each variable for each design 
of deformation. 


It was established that a certain group of the bars was 
definitely superior to the others, in the sense that their 
average rating was significantly higher than the average 
of the others. Bars cast in the top position were much 
less effective than those cast in the bottom position. 


%& PROPOSED REVISION OF BUILD- 
ING REGULATIONS FOR REIN- _. 
FORCED CONCRETE (ACI 318-41)..43-15 


REPORTED BY ACI COMMITTEE 318—Dec. 1946, pp. 
401-468 (V. 43) 


The report with its proposed changes has been released 
by the Standard Committee for convention action. 

The contents are fully explained in the title. The current 
“code” appears in full in larger type, the proposed 
changes in smaller type. Published for information and 
study prior to convention consideration. 


HIPPED PLATE CONSTRUCTION. . . .43-16 


GEORGE WINTER and MINGLUNG PEI—Jan. 1947, 
pp. 505-532 (V. 43) 


This paper discusses and illustrates a method of design 
and construction increasingly used in Europe since the 
early thirties, but hardly known in this country. Named 
““Faltwerke” abroad, such structures consist of rigid 
reinforced concrete boxes made up of slabs joining at 
various angles, without the aid of beams or girders. In 
view of the considerable rigidity of the box as a whole, 
such structures can be made to bridge considerable spans 
without intermediate supports in the form of columns, 
frames or trusses. The type of construction is particularly 
cae, to bunkers, long span roofs, hangars, and the 
ike. 

The paper is essentially a digest of the very extensive 
European literature on the subject. It aims to discuss the 
essential design procedures, though not pretending to be 
complete with regard to questions of somewhat secondary 
importance. Originality is only claimed in the develop- 
ment of an appropriate, simplifying distribution method, 
the introduction of a consistent sign convention, and other 
substantial, practical simplifications. 

Examples of erected structures are illustrated, a desi 
example is given, and an extensive foreign © Peale 4 
is cuneate. 


n 
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HYDRAULIC STRUCTURE MAINTE- 
NANCE USING PNEUMATICALLY 
PLACED MORTAR................ 43-17 


W. L. CHADWICK—Jan. 1947, pp. 533-548 (V. 43) 


Where exposed to frequent freezing and thawing cycles 
while saturated, concrete in hydraulic structures and on 
snow-covered flat or nearly flat surfaces suffers deteriora- 
tion which requires repair before the strength of the 
affected structure is seriously impaired. The principal 
causes of deterioration are enumerated, and several meth- 
ods of customary repair are discussed, with special mention 
of the methods empioyed in making repairs to a number 
of hydraulic conduits and dams in the high Sierras 
of California. 


MR. CHAIRMAN .........+.6+++++-43-18 
R. W. CRUM—Feb. 1947, pp.613-616 (V. 43) 


The author “has fun’ over the performance of chairmen 
In the conduct of techmical meetings as he did on another 
occasion, with the authors’ presentations of their papers, 
in “Technical Tedium or Otherwise.” 
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OBSERVATIONS OF WAR 

DAMAGE TO CONCRETE AND TO 
CEMENT INDUSTRY PROPERTIES IN 
Ns iu. casas odseiconss+< cae 
MYRON A. SWAYZE—feb. 1947, pp. 617-628 (V, 43) 


While on a seven week trip through Germany making q . 


survey of the German cement industry, the author observed 
damage to structures resulting from allied bombing. Types 
of German cement are compared with American cemen} 
and though German cements were generally considered 
as inferior to American, their high quality of concrete 
presented a paradox as seen in the durability of their 
roads. Illustrations show results of bombing on hotels, 
bridges, cement and industrial plants and dams. Aj 
interesting example of the use of a mound of gravel gs 
form work tor an arch factory roof is described . The 
author believes American engineers could profit by g 
study of German examples of precast concrete. 


CRACKS IN CONCRETE.............43-20 
BYRAM W. STEELE—Feb. 1947, pp. 629-636 (V. 43) 


Cracks in concrete that are irregular and uncontrolled 
are objectionable. If causes were better understood, the 
elimination of cracks would be less difficult. Cracks are 
mainly due to one or more of the following causes: 1) 
lack of adequate investigation of all of the ingredients 
involved, 2) lack of sufficient advance planning to obtain 
satisfactory results, 3) lack of team work in the human 
element involved in this intricate manufacturing proces) 
and 4) lack of teamwork (compatibility) in the ingredients 
which include alkali aggregate reaction and the use of 
argillaceous limestone and chert as aggregate. The 
modern laboratory's test procedure will not condemn many 
limestones and cherts that are capable of starting surface 
cracking. The elimination of unsound types is not at all 
a simple procedure. A suggested AB C procedure js 
offered toward the partial elimination of cracks: A to 
establish approved sources of aggregate with good service 
record, B thoroughly investigate new sources of supply 
subjecting them to all known tests including analysis bya 
petrographer, C study the design of every structure pro- 
encom y with a view towards eliminating structural crack 
by proper control of the design of the mix and the placing 
of the concrete and provide relief from volume change 
tensile stresses with designed cracks placed where they 
will not be objectionable. 


CONTRACTION JOINT GROUTING 
OF LARGE DAMSG.........-.--+++ 43-2 
A. WARREN SIMONDS—Feb. 1947 pp. 637-652 (V. 43) 


The practice of the United States Bureau of Reclamation 
is to build large dams in blocks bounded by keyed joints 
to minimize cracking caused by shrinkage which is due to 
dissipation of the setting heat of the concrete. After the 
concrete reaches its minimum temperature the voids in the 
joints between the blocks are filled with cement grout 
under pressure to create a concrete monolith. This paper 
describes experiences in the development of the present 
grouting sacbennene and the actual process of grouting 
contraction joints in large concrete dams. Special 
reference is made to grouting at Shasta Dam. 


REPAIR OF CONCRETE CHIMNEYS 
WITH A MINIMUM_= OF _ INTER- 
FERENCE WITH OPERATION OF 
a 


W. M. BASSETT and M. N. CLAIR—Feb. 1947 pp. 
653-668 (V. 43) 


Demolition of a concrete chimney at public utility plant 
provided an opportunity to study the relation of 
content of the cross section of the shell to the condition o 
the concrete. This data used to supplement physical 
examination in determining necessity for repair of two 
other chimneys at same plant. Wartime conditions re 
quired repair without plant shutdown. Methods om 
ployed and results obtained are described in detail. 
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SOME PROBLEMS IN STRUCTURAL 
FRAMING OF PRECAST CONCRETE 
rrr 
A. AMIRIKIAN—Mar. 1947, pp. 797-812 (V. 43) 


The use of precast concrete elements in large-scale housing 
projects places special emphasis on the importance of the 
structural framing. In order to take full advantage of 
benefits inherent in the precast technique, it is necessary 
that the design of the traming be given the same care as 
that generally accorded to the structural analysis and 
design of any large and important structure. To this end, 
criteria of design and the arrangement of framing are 
predicated on theoretical as well as on practical con- 
siderations, to assure adequacy of strength, adaptability 
to mass production and economy of construction. Some of 
the problems encountered in the design of the framing are 
discussed in this paper, and the application of the basic 
principles is illustrated by two examples outlining the 
arrangement and details of framing of two types of low- 
cost dwellings. 


THE MAINTENANCE AND RECON- 
STRUCTION OF CONCRETE TUNNEL 
LININGS WITH TREATED MORTAR 

AND SPECIAL CONCRETE..........43-24 
B. D. KEATTS—Mar. 1947, pp. 813-828 (V. 43) 


Defects in concrete tunnel linings such as disintegration 
seepage, honeycomb, cracking and structural failures and 
faulty conditions in earth and rock formations through 
which tunnels have been bored have been corrected 
with treated mortars, a special concrete and through 
unconventional methods of applying them. 

his paper includes a general discussion of tunnel mainte- 
nance problems, a description of the mortar, concrete, 
and methods employed in the repairs of four selected 
tunnels. 


CONCRETE MIX DESIGN — A 
MODIFICATION OF THE FINENESS 
MODULUS METHOD..............-43-25 


MYRON A. SWAYZE and ERNST GRUENWALD— 
Mar. 1947, pp. 829-844 (V. 43) 


A comparison of three maximum size gradings of sand- 
gravel and sand-crushed stone mixtures in concrete has 
revealed that for each type and size of coarse aggregate 
a constant value for fineness modulus will be obtained 
for any workable mixture trom lean to rich, if the cement 
is included in the modulus figures. While trial batches 
are still recommended tor previously unused aggregates 
the modification proposed for the old fineness modulus 
method permits the design of equally workable batches 
ot varied cement contents trom data on trial mixes of a 
single cement tactor. This materially reduces the number 
of test batches where a range of cement contents are to 
used with a set of aggregates. 

The method described tor calculation of batches compen- 
sates for diferences in specific gravity of fine and coarse 
aggregates. 


THE INSTITUTE—TODAY AND TO- 
MORROW ....... peeeease cocccesect 


Oe gai F. GONNERMAN—Apr. 1947, pp.885-892 


The address of the retiring President at the 43rd Annual 
Convention in Cincinnati summarizes the activities and 
progress made by the Institute during the preceding year 
and outlines the plans conceived during the year for the 
future. The author objectively reveals the prospects for 
future growth of the Institute. 


OIL WELL CEMENTING PRACTICE. .43-27 
R. E. MOELLER and HAYDEN ROBERTS—Apr. 1947, 
pp. 893-912 (V. 43) 

Oil well cementing is a highly specialized service, special 
procedures and equipment are necessary to accomplish 


the desired results. Wells are cemented to eliminate 
contamination, to repair leaks in pipe, to reduce the depth 
of the hole and to correct various well conditions when 
necessary. This paper outlines the different procedures 
and describes some of the equipment used. 

Some of the more fundamental problems encountered in 
well completions are mentioned and the methods used to 
correct problems are briefly described. 


PAINTING INTERIOR CONCRETE 
SURFACES: THE EXPERIENCE OF 
ONE ORGANIZATION............43-28 
T. H. CHISHOLM—Apr. 1947, pp. 913-916 (V. 43) 


Twenty-five years experience in painting the interior of 
concrete buildings has demonstrated that if a few simple 
precautions are taken, it offers no more difficulty than does 
the painting of wood or other materials. The paper 
describes the practices of the Hydro-Electric Power 
Commission of Ontario which have prompted this 
conclusion. 


NOTES ON THE THEORY AND 
PRACTICE OF FOUNDATION 
GROUTING...0ccsccccccccccccccccc cS BRD 
V. L. MINEAR—Apr. 1947, pp. 917-932 (V. 43) 


Foundation grouting presents one of the most controversial 
problems in dam design and construction. Successful 
treatment of any given foundation requires modification 
in standard technique to meet existing conditions. Methods 
used successfully on one job may not always be satis- 
factory on another. This paper presents and discusses 
certain theories and practices in this important and costly 
phase of dam construction. 


A STUDY OF THE INFLUENCE OF 
THERMAL PROPERTIES ON THE 
DURABILITY OF CONCRETE........ 43-30 
ALBERT WEINER—May 1947, pp. 997-1008 (V. 43) 


An attempt is made to rationalize the efect of air content 
and type of aggreagte on the durability of concrete by a 
consideration of the thermal properties. The principal 
thermal properties of plain, Vinsol resin, and neutralized 
Vinsol resin concrete made with siliceous gravel and 
with trap-rock under two mixing conditions (air and 
vacuum-mix) are presented The increased durability 
developed by addition of an air-entraining admixture 
does not appear to be a result of the slight change in 
thermal properties accompanying air entrainment. When 
differences in thermal diffusivity exist between mortar and 
coarse aggregate, rapid Ireezing and thawing may cause 
failure by internal expansion This paper should be 
considered as a progress report on the subject and the 
conclusion set forth as tentative; subject to verification 
by the results of further study 


EROSION OF CONCRETE BY CAVI- 
TATION AND SOLIDS IN FLOWING 
| rrr Pe ee 43-31 
WALTER H. PRICE—May 1947, pp. 1009-1024 (V. 43) 


High velocity water jet and shot-blast tests which were 
made to determine the eects of mix proportions, curing 
absorptive form lining, air entrainment and surface finish 


on the erosion resistance of concrete are described 
Examples of erosion failures in hydraulic structures by wear 
and cavitation and methods of repair are included. 


THE CAMERA LUCIDA METHOD 
FOR MEASURING AIR VOIDS IN 
HARDENED CONCRETE ............ 43-32 


JEORGE J. VERBECK—May 1947, pp 1025-1040 
V. 43) 
The camera lucida method for the determination of the 
air content and the air void characteristics of hardened 
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cement pastes, mortars and concretes is described. Data 
are included to demonstrate the influence of experimental 
factors upon the results obtained by the camera lucida 
method. 
A comparison is made of the void concentrations and 
average void areas of the air entrained by different 
types of agents and under different mixing conditions. 
© factors significantly altering the void characteristics in 
concrete are revealed in the tests thus far made. The air 
contents of hardened concretes as determined by the 
camera lucida method compare satisfactorily with results 
obtained by other methods applied to the same concretes 
when in the plastic state. 


DISTRIBUTION OF BOND STRESS IN 
CONCRETE PULL-OUT SPECIMENS. . 43-33 


DAVID WATSTEIN—May 1947, pp. 1041-1052 (V. 43) 


The purpose of this investigation was to determine the 
effect of length ot embedment and the kind of deformation 

ttern of the reintorcement bar on the distribution of 
Read stress in pull-out specimens. Twenty-five specimens 
6-in. in diameter by 8-in. long and twenty-five specimens 
6-in. in diameter by 12-in. long, containing 34-in. diameter 
round bars of five diferent types were tested. 


The bond stresses in the 8-in. specimens were considerably 
more uniform along the length of the bar than were those 
in the 12-in. specimens. 

The bond stresses increased most rapidly with slip at the 
loaded end of the bars, and in general, least rapidly at 
the free end. This divergence of the values of bond 
stresses for a given slip was more pronounced for the 
longer lengths of embedment. 
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DEVELOPMENT AND STUDY OF 
APPARATUS AND METHODS FOR 
THE DETERMINATION OF THE AIR 
CONTENT OF FRESH CONCRETE... 43-34 
CARL A. MENZEL—May 1947, pp. 1053-1072 (V, 43) 


This paper describes new apparatus and methods de- 
veloped for the determination of the entrained air content 
of fresh concrete. The test methods developed are based 
on two different principles, neither of which requires 
weighing scales: (1) Direct Volumetric Method in which 
the volume of air removed from a sample ot fresh concrete 
inundated in an approximately equal volume of water is 
indicated directly by the volume of liquid required to re. 
store the original liquid level atter the removal ol the en- 
trained air; (2) Pressure Method (proposed by Klein and 
Walker) in which the volume of air entrained in a sample 
of fresh concrete is indicated by the change in volume of 
the concrete when a known pressure is applied to the 
sample. 

Extensive tests show good Correlation between the 
“Rolling Method” (a direct volumetric method in which 
air is removed by rolling the concrete in an excess of 
water) and the ‘Pressure Method’ for concrete mixes 
representing a wide range in cement content, consistency, 
natural coarse aggregate, and method of incorporating 
the air-entraining agent. Good correlation has also 
been obtained in tests conducted at four temperature levels 
(44, 62, 79 and 100 F.). 

Both laboratory and field experience with different 
methods indicate that, all things considered, the pressure 
method is probably the most practical tor field tests. The 
rolling and modified rolling methods, although equal in 
dependability to the pressure method, appear to rank 
second to it in practicability. These studies provided a 
basis for the design of suitable apparatus for testing 0.29 
cu ft concrete samples (with 2-in. maximum size aggregate) 
by the pressure and rolling methods. 


The AMERICAN CONCRETE INSTITUTE 


is a non-profit, non-partisan organization of engineers, scientists 
builders, manufacturers and representatives of industries associate 


in their technical interest with the field of concrete. 


The Institute 


is dedicated to the public service. Its primary objective is to assist 
its members and the engineering profession generally, by gathering 
and disseminating information about the properties and applications 
of concrete and reinforced concrete and their constituent materials. 


For four decades that primary objective has been achieved by 


the combined membership effort. 
mittees, and with the cooperation of many public and 


agencie 


Individually and through com- 
private 


members have correlated the results of research, from both 


5 
field and laboratory, and of practices in design, construction and 


manufacture. 


The work of the Institute has become available to the engineering 
profession in annual volumes of ACI Proceedings since 1905. Be- 
inning 1929 the Proceedings have first appeared periodically in 
the Journal of the American Concrete Institute and in many separate 


publications. 


Pamphlets presenting brief synopses of Journal papers and 


reports of recent years 


most of them available at nominal prices in 


separate prints, and information about ACI membership and special 
publications in considerable demand are available for the asking. 


New Center Building, Detroit 2, Michigan 
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MEMORANDUM /” ACI 


Harvey Whipple, Sec’y-Treas., New Center Bldg., MA 4271 DETROIT 2, MICHIGAN 


May 1, 1947 


A\n increase in most dues rates 


will probably be effective for all new Members whose 
applications are received after May 31 and for all mem- 
bership anniversaries on and after July 1, 1947. 


This announcement is tentative, for the reason that not until 
June 28 will a letter ballot of the membership be canvassed to 
determine whether or not it ratifies the action of the 43rd annual 
convention in the following dues increases: 

Individual Members in the United States and its possessions 
and in Canada, from $10.00 to $12.50 per year. 

Corporation Members, from $20.00 to $25.00 per year. 

Junior Members, from $6.00 to $7.50 per year. 

Student Members, from $3.00 to $5.00 per year. 


These rates will be applicable to all Members effective for 
membership years beginning July 1, 1947 and thereafter. It will 
thus apply to new members whose applications are received in 
June and approved by the Board of Direction to be effective 
July 1. 


The result of the letter ballot will not be known in time to 
announce the raise on advance bills. But if the new rates are ap- 
proved, they will be applicable nevertheless. 


When the matter of By-Laws revision to raise the dues rates 
came up at the convention, there seemed to be a general apprecia- 
tion that the American Concrete Institute, whose major support 
is the dues of its Members, is no exception to the application of 
higher prices for materials, services and equipment. In spite of 
that, it should not be overlooked that the Institute is delivering 
a very much larger output of published information. 


aa 











18 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE May 1947 


Sources of Equipment, Materials, and Services 


A reference list of advertisers who participated in the Sixth Annual 
Technical Progress Issue of the AC] JOURNAL—the pages indi- | 
cated will be found in the February 1947 issue and (when it is 
completed) in V. 43, ACI Proceedings. Watch for the 7th Annual 

Technical Progress Section in the February 1948 JOURNAL. 


Concrete Products Plant Equipment page 
Besser Manufacturing Co., 902 46th St., Alpena, Mich.............00.00 eee uee 735 
—Concrete products plant equipment 
Stearns Manufacturing Co., Inc., Adrian, Mich..............000ce cece eee ceeee 725 
—Vibration and tamp type block machines, mixers and skip loaders 
EI EE 776 
—Concrete abr block and brick machine vibrators 


Construction Equipment and Accessories 


Blaw-Knox Division of Blaw-Knox Co., Farmers Bank Bldg., Pittsburgh, Pa...... 786-7 

—Truck mixer loading and bulk cement plants, road machinery, buckets, and 
steel forms 

Butler Bin Co., Waukesha, Wis..............0000000e: rn tigate ya asbece cebu wikee 757 
—DMixing plants, cement handling equipment 

Chain Belt Co. of Milwaukee, Milwaukee, Wis.............0.0 00 ccc eee eeeee 762-3 
—DMixers, pavers, pumps 

Chicago Pneumatic Tool Co., 8 E. 44th St., New York 17, N. Y..........00-00 772 
—Concrete vibrator equipment 

Construction Machinery Companies, Waterloo, lowa..............00.00000000. 745 


—Batching and placing equipment, Jetcrete gun 
Dumpcrete Div. of Maxon Construction Co., Inc., 407 Talbott Bldg., 


Ne ern Salah ihic Gra 3/616 ns 6.6.0. 64,4 s0..0edde vocene dd 00.00 ce bie 759 
—Hauling air-entraining concrete 

Electric Tamper & Equipment Co., Ludington, Mich.............2..00 0000 e eee 736-7 
—Concrete vibrators, screeds, portable power plants 

Flexible Road Joint Machine Co., Warren, Ohio. ..........0.000 cece eee eee e 154 
—fFinishing and joint installing machines 

a tees deeveeenedaeereceews 740 
—Unloading and conveying pulverized materials 

Heltzel Steel Form & Iron Co., Warren, Ohio........... 0c cece cece cece cece 768-9 
—Pavement tension dowels, expansion joint beams 

Jaeger Machine Co., The, Columbus ,Ohio...........6..0. cc cee cece eee eee 738-9 
—Concrete Paving Equipment 

Sepaeee Ge. Teo C. &., Champaion, Illinois .........cccccccccccsccsccccccces 761 
—Automatic mixing plants 

Kelly Electric Machine Company, 287 Hinman Ave., Buffalo 17, N. Y......... 742-3 
—Floor finishing equipment 

Mall Tool Co., 7703 So. Chicago Ave., Chicago 19, Illinois................... 748 
—Concrete vibrators 

nC TICS 9D, COWIG, cicc cc cccccccccccccccecesscvccececce 729-3 
—Concrete vibrators and finishing screeds 

New Holland Manufacturing Co., Mountville, Pa........ 6. eee eee 788 


—Crushing plants 

Richmond Screw Anchor Co., Inc., 816-838 Liberty Ave., Brooklyn 8, N. Y 
—Form tying devices 

Universal Form Clamp Co., 1246 N. Kostner, Chicago 51, Illinois............06. 744 
—Form work, foundation panels 
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meee Ge. 706 Se. Flower St., Garomk, Ga. oon acc ccc cccccccvcccccees 752-3 
—Concrete vibrators 
Worthington Pump and Machinery Corporation, Holyoke, Mass................ 770 


—Paving Mixers 


Contractors, Engineers and Special Services 


American Concrete Institute, New Center Bldg., Detroit 2, Mich.......... 792, 794-5 
—Publications about concrete 
Borsari Tank Corp. of America, 25 Broad St., New York 4, N. Y...........002. 749 


—Concrete tank structures 

L. Coff, Consulting Engineer, 198 Broadway, New York 7, N. Y...... 
—Engineering service for prestressed concrete 

Grid Flat Slab Corporation, 761 Dudley St., Boston, Mass................2.++ 746-7 
—Grid system of concrete construction 


Kalman Floor Co., Inc., 110 E. 42nd St., New York 17, N. Y............0000. 728-9 
—Floor finishing methods 

Prepakt Concrete Co., The, and Intrusion-Prepakt, Inc., Union Commerce Bldg., 

I NC 2. 2s eA PER TY wo snlo neve ora 2 CN SERA eR LO 731-4 

—Pressure filled concrete 

Raymond Concrete Pile Co., 140 Cedar St., New York 6, N. Y................. 730 
—Pile foundations 

Roberts and Schaefer Co., 307 No. Michigan Ave., Chicago 1, Illinois.......... 756 
—Thin shell concrete roofs 

Vacuum Concrete, Inc., 4210 Sansom St., Philadelphia 4, Pa.................. 766-7 
—Forms and lifters with suction controlled concrete 

Materials 

Anti-Hydro Waterproofing Company, 265 Badger Ave., Newark N. J.......... 790-1 

—Waterproofing 


Calcium Chloride Assn., The 1028 Connecticut Ave., N. W. Washington, D. C... 785 
—Calcium chloride 

Dewey and Almy Chemical Co., Cambridge 40, Mass.............000 000000. 764-5 
—Aiir-entraining and plasticising agents 

Haydite Manufacturers, Buffalo; Kansas City; Toronto; St. Louis; South 
Park, Ohio; San Rafael, Calif.; Danville, Illinois on 


Ties kia nciicael 741 
—Lightweight aggregate 

Hunt Process Co., 7012 Stanford Ave., Los Angeles 1, Calif................. 774-5 
—Curing Compounds 

Inland Steel Co., The, 38 So. Dearborn St., Chicago 3, Illinois................. 724 
—Reinforcing bars 

Lone Star Cement Corp., 342 Madison Ave., N. Y. 17, N. Y............ wooo URO6T 
—Cements and cement performance data 

Master Builders Co., The, Cleveland, Ohio; Toronto, Ont.................. 777-84 
—Air entrainment and cement dispersion 

Rail Steel Bar Association, 38 S. Dearborn St., Chicago 3, Illinois......... . 793 


—Concrete reinforcing bars 
Sika Chemical Corp., 37 Gregory Ave., Passaic, N; J............ vegas «as ae eee 
—Waterproofings and densifier 
Techkote Company, 821 W. Manchester Ave., Inglewood, Calif... . 


PIE ne oe 760 

—Concrete curing compounds 

United States Rubber Co., Rockefeller Center, New York 20, N. Y.............. 758 
—Form lining 

Testing Equipment 

Baldwin Locomotive Works, Philadelphia 42, Pa............. cc cece eee ecueeees 721 
—Testing equipment 

Concrete Specialties Co., Coulee Dam, Wash........ 0.0.0... 00 ccc cece ce eeeuece 789 


—Testing machines, and equipment for capping test cylinders 
Gilson Screen Company, P. ©. Box 186, Mercer, Pa...... 0.00.00 cece ceueeees 755 
—Mechanical testing screens 
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ACI publications in large current demand 


Proposed Manual of Standard Practice for Detailing Reinforced 
Concrete Structures (1946) 


Reported by ACI Committee 315, Detailing Reinforced Concrete Structures, Arthur J. Boase 
Chairman, this book reached the top of the ACI “‘best seller’ list within one month of its distri. 
bution to all ACI members in good standing in July 1946. It is a large format, bound to lie flat 
and presents typical engineering and placing drawings with discussion calling attention to 
important considerations in designing practice. It was prepared to simplify, speed, and effect 
standardization in detailing. It is believed to be the only publication of its kind in English. It 
is meeting wide acclaim among designers, draftsmen and in engineering schools. Price—$3.00, 


to ACI Members—$1.75. 
ACI Standards—1946 


180 pages, 6x9 reprinting ACI current standards: Building Regulations for Reinforced Con- 
crete (ACI 318-41); Minimum Standard Requirements for Precast Concrete Floor Units 
(ACI 711-46); four recommended practices: Use of Metal Supports for Reinforcement (ACI. 
319-42), Measuring, Mixing and Placing Concrete (ACI 614-42); Design of Concrete Mixes 
(ACI 613-44); Construction of Concrete as Silos (ACI 714-46); and two specifications: Con- 
crete Pavements and Bases (ACI 617-44) and Cast Stone (ACI 704-44)—all between two 
covers, $2.00 per copy—to ACI Members, $1.95. 


Air Entrainment in Concrete (1944) 


92 pages af reports of laboratory data and field experience including a 31-page paper by 
Gonnerman, “Tests of Concretes Containing Air-entraining Portland Cements or Air- 
entraining Materials Added to Batch at Mixer,’’ and 61 pages of the contributions of 15 parti- 
cipants in a 1944 ACI Convention Symposium, ‘Concretes Containing Ajr-entraining Agents,” 
reprinted (in special covers) from the ACI JOURNAL for June, 1944. $1.25 per copy, 75 
cents to Members. 


ACI Manual of Concrete Inspection (July 1941) 


This 140-page book (pocket size) is the work of ACI Committee 611, Inspection of Con- 
crete. It sets up what good practice requires of concrete inspectors and a background of 
information on the ‘why’ of such good practice. Price $1.00—to ACI members 75 cents. 


“The Joint Committee Report’’ (June 1940) 


The Report of the Joint Committee on Standard Specifications for Concrete and Reinforced 
Concrete submitting “Recommended Practice and Standard Specifications for Concrete and 
Reinforced Concrete,” represents the ten-year work of the third Joint Committee, consisting 
of affiliated committees of the American Concrete Institute, American Institute of Architects, 
American Railway Engineering Association, American Society of Civil Engineers, American 
Society for Testing Materials, Portland Cement Association. Published June 15, 1940; 140 
pages. Price $1.50—to ACI members $1.00. 


Reinforced Concrete Design Handbook (Dec. 1939) 


This report of ACI Committee 317 is in increasing demand. From the Committee's Fore- 
word: “One of the important objectives of the committee has been to prepare tables covering 
as large a range of unit stresses as may be met in general practice. A second and equally 
important aim has been to reduce the design of members under combined bending and axial 
load to the same simple form as is used in the solution of common flexural problems.” —132 
pages, price $2.00—$1.00 to ACI members. 


For further information about ACI Membership and Publications (including pamphlets 
presenting Synopses of recent ACI papers and reports) address: 


AMERICAN CONCRETE INSTITUTE New Center Building Detroit 2, Michigan 











188, 
stri- 
flat 
1 to 
fect 


00, 


"on- 
Inits 
\Cl- 
1xes 
“on- 
two 


r by 
Air- 
arti- 
its, 

i 


rced 
and 
sting 
ects, 
‘ican 
140 


‘ore- 
aring 
vally 
axial 
-139 








available from ACI at 25 cents each—quantity quotations on request. Discussion 


To facilitate selective distribution, separate prints of this title (43-35) are iscunion | 
of this paper (copies in triplicate) should reach the Institute not later than Sept. 1, 1947 





Title 43-35 —a part of PROCEEDINGS, AMERICAN CONCRETE INSTITUTE Vol. 43 


JOURNAL 


of the 


AMERICAN CONCRETE INSTITUTE 


(copyrighted) 


Vol. 18 No. 10 7400 SECOND BOULEVARD, DETROIT 2, MICHIGAN June 1947 








Painting Exterior Concrete Surfaces with Special 
Reference to Pretreatment* 


By G. E. BURNETTT 


Member American Concrete Institute 


and A. L. FOWLERT 


SYNOPSIS 

Laboratory evidence is presented to demonstrate that pretreatment is 
invaluable if not essential to the successful use of oil-base paints on 
concrete surfaces. An effective pretreatment is described as consisting 
of a water solution of 2 percent zine chloride—3 percent phosphoric acid. 
With proper pretreatment, it is indicated that paint on concrete may 
last longer than paint on wood and that the customary extended aging 
period for concrete prior to painting may be omitted. 


INTRODUCTION 


Exterior concrete surfaces are painted for protective as well as decora- 
tive reasons. A properly formulated and applied paint imposes an ob- 
stacle to the entrance of outside moisture and so acts to minimize de- 
structive freezing and thawing action. In industrial atmospheres a paint 
coating may provide direct protection against reactive acidic gases. For 
some concrete structures, painting is warranted if only to prevent ingress 
of moisture to interior walls with its attendant damage to interior decor- 
ation. Thus, while decorative considerations usually predominate in 
decisions to paint concrete, the value of paint from protective standpoints 
is gaining recognition. 


Broadly speaking, paints in common use for exterior concrete surfaces 
are of two types, portland cement-water paints and oil or varnish-base 
paints. This paper will deal only with the latter, but not with the inten- 
tion of minimizing the importance of portland cement paints. The ex- 


*Presented at the 43rd Annual ACI Convention, Cincinnati, Ohio, Feb. 25, 1947. 
tEngineers, Bureau of Reclamation, Denver, Colorado. 
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tensive and successful use of cement-water paints is well recognized. 
There is an excellent discussion of these paints already on record*, and 
the authors do not feel that they could add materially to it. On the other 
hand, some new information has come to light in connection with the use 
of oil and varnish base paints, and it is felt that the best purpose of this 
paper will be served by confining our subject to this type of paint. 


BASIC DIFFICULTIES IN PAINTING CONCRETE 


Past experiences with oil and varnish paints on exterior concrete 
have been varied. Most of the difficulties have arisen in attempting to 
paint new concrete without allowing adequate aging periods. In Black- 
more’st comprehensive study to discover a suitable paint system for new 
concrete, he found that a long-oil pigmented primer and a phenolic resin 
varnish-aluminum paint gave best service as priming paints, and that 
linseed oil paints were effective as top coats. However, even with first 
class materials, it is usually considered undesirable to apply oleoresinous 
paints to new concrete. This is shown by the fact that most instructions 
relating to painting concrete specify an aging period prior to painting of 
from three months to one year. This precaution has been considered 
necessary to avoid the high rate of reactivity of fresh concrete on the 
paint vehicle. It is generally agreed that the water within new concrete 
carries alkaline compounds to the painted surface, causing destructive 
saponification of the paint oils. A surface deposit of calcium carbonate, 
which develops with age, decreases this effect, and it is also resisted by 
paint formulations employing alkali-resistant ingredients. Nevertheless, 
concrete is still regarded, by some at least, with considerable skepticism 
as a suitable base for oil and varnish paints. 


CONSIDERATIONS IN THE PRETREATMENT OF CONCRETE 


For many years it has been common practice to pretreat concrete sur- 
faces with acid solutions. Hydrochloric acid has been used primarily for 
roughening the surface as an aid in securing improved bond of the paint 
coatings and for removing efflorescent saltsft. Zine sulfate solution, 
usually at a concentration of two lb per gal of water, has been used 
extensively for neutralizing surface alkalinity, with the objective of 
eliminating saponification of paint oils.$§ 

It is agreed that pretreatment has a primary function in the neutrali- 
zing of concrete surfaces to prevent saponification reaction where oil and 


*Report of ACI Committee 616 ‘‘The Nature of Portland Cement Paints ag! en ommended Practice for 


their Application to Concrete Surfaces.’’ ACI Journau, June 1942, Proc. V. p. 485. 
+. a Paul O., ‘‘Paint for Durability on Concrete Surfaces.’”’” AC I ges RNAL, June 1939, Proc. 
35, p. 


aia™ » ae Building Materials and Structures Report BMS-105, National Bureau of Standards 


§Scripture, E. W., ‘‘Painting Concrete Floors’. Concrete, V. 44, pp. 9-10 (1936). 
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varnish base paints are to be used. It does not follow, however, that this 
objective will be attained simply by the application of any acidic solution. 
It is believed that, for pretreatment to be effective, it must act against 
conditions that tend to promote movement of water into and within con- 
crete through osmosis. This is because osmosis can be directly responsible 
for bringing about the saponification reaction, through its proclivity for 
drawing to the paint-concrete interface the moisture that is needed to 
permit the reaction to proceed. Furthermore, osmotic pressures are 
believed to be largely responsible for the blistering and consequent loss of 
adhesion of paint films on concrete, and this is damage that can occur 
even though a highly alkali-resistant paint is used. 

If concrete were to be painted while it is dry and then maintained dry, 
neither saponification nor osmosis would be factors in the deterioration of 
the paint coating. But in practice these ideal conditions are seldom 
encountered. Exterior concrete surfaces normally contain some free 
moisture at the time of painting. Oil paints, in general, are far from 
being impervious to moisture, so that rain and dew may penetrate into 
the concrete through the paint film. Also, moisture will rise a consider- 
able distance into a concrete wall from its foundation in moist ground. 

For circumstances, then, where the presence of moisture is unavoid- 
able, the problem becomes one of finding a practical way of obviating 
osmosis and its attendant damaging effects. Osmosis develops where 
solutions of different concentrations are separated by a semi-permeable 
membrane. Assuming either the concrete itself or the paint film to be- 
have as such a membrane, the concentration differential is set up as water 
is absorbed into the concrete and thereupon picks up soluble salts existent 
within the concrete. If soluble salts are added by the pretreatment, they 
would be expected to exaggerate the effect. But, if insoluble salts are 
formed in the pretreatment and these are deposited as a fine precipitate 
to directly underly the paint film, the opportunity for the development of 
osmotic pressure against the film is reduced and the osmotic forces tend- 
ing to draw in outside moisture through the paint film are largely 
eliminated. 

In laboratory investigations, the pretreating solution found to give 
best results consists of 2 percent zinc chloride and 3 percent phosphoric 
acid in water. Its effectiveness may be explained by a consideration of 
relative solubilities. The solution, as prepared, contains zinc, chloride, 
hydrogen, acid phosphate, and phosphate ions. Because of its insolu- 
bility in neutral solution, zinc phosphate forms as the first precipitate 
when the acidity of the solution is decreased by the addition of a base. 
Upon application to a concrete surface, therefore, the presence of alkaline 
compounds, notably calcium hydroxide, will induce precipitation first of 
the highly insoluble zinc phosphate. Calcium phosphate, which has 
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relatively greater solubility (although still very low at a solubility of 
0.0023 to 0.0031 g per 100 g of water) in neutral solution and is moderately 
soluble in dilute acid, precipitates next in combination with the last of 
the zine phosphate and finally by itself. There still remains some hydro- 
gen and chloride ions, but there would be little opportunity for these to 
react to form soluble calcium chloride (solubility 42.7 g per 100 g of water) 
because the available calcium will have been largely removed from solu- 
tion as calcium phosphate. Most, if not all, of these ions would be lost 
through evaporation as hydrogen chloride; and, if any calcium chloride 
were to be formed, it would exist below the surface where it would not 
be in contact with the paint coating applied subsequently. 

By way of contrast, the use of hydrochloric acid pretreating solution 
results in a layer of soluble calcium chloride on the concrete surface, and 
zinc sulfate pretreating solution produces a precipitate of calcium sulfate 
(solubility, 0.208 g per 100 g of water) and zine hydroxide (0.00042 ¢ 
per 100 g of water). While the latter is relatively insoluble, it is doubtful 
in most cases that the reaction would proceed to completion before the 
water of the solution had evaporated, because zine sulfate solution is 
only weakly acidic and its neutralization with calcium hydroxide would 
proceed very slowly. This would result in the presence of soluble zine 
sulfate itself on the surface. Although water supplied later, after 
painting, could be expected eventually to complete the reaction, this 
would not preclude the more immediate effect of causing damage to the 
paint film through osmosis. 

The relative effects of these pretreating solutions on the blistering of 
paint films has been demonstrated by simple laboratory experiments. 
Dry, porous, mortar blocks, '4-in. thick and aged for one month, were 
used as test specimens. The pretreating solution was applied liberally 
to one surface, and, after drying, this surface was painted with two coats 
of a tight, alkali-resistant, rubber-base paint. After the paint had be- 
come thoroughly dry, the specimen was partially immersed in water with 
the painted surface up. Where hydrochloric acid and zine sulfate solu- 
tions were used for pretreating, blisters soon appeared in the paint film. 
The time required and the severity of the blistering was found to vary, 
depending on individual characteristics of the mortar sf*cimens, but blis- 
tering invariably occurred within 24 hours after immersion. Where no 
pretreatment of any sort was employed, blistering also occurred, although 
not as consistently nor as severely as where soluble salts were added by 
the pretreatment. Where the zine chloride-phosphoric acid pretreatment 
was used, no blistering developed over a 10-day period, which, from a 
comparative standpoint, was considered to constitute an ample. test 
period. 
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THE EFFECT OF PRETREATMENT AS OBSERVED IN WEATHEROMETER TESTS 


Tests designed to evaluate pretreatments by exposure of treated and 
painted mortar specimens in a weatherometer have been under way in the 
Bureau of Reclamation paint laboratory for about two years. While 
pretreatment constituted the primary point of investigation, a few 
different primers were included to see what role special priming paints 
might have in concrete painting. No effort was made in these tests to 
evaluate top coats. Pretreatments were rated by using the same paint 
system and varying only the pretreatment, and primers were rated with 
the pretreatment and top coats held constant. The test panels were pre- 
pared with | to 1 mortar cast in galvanized iron pans '9- X 234- & 534- 
in., a size suitable for exposure in a weatherometer. The mortar was 
vibrated in place and the excess screeded off with a steel rod. The test 
panels were fog-cured at 70 F for two weeks and then placed in a 70 F, 50 
percent relative humidity atmosphere for one week. The pans were left 
on the specimens, thus leaving exposed only the surface to be painted. 

In one group of tests zine sulfate pretreatment (2 lb zine sulfate per 
gal of water) was compared with no pretreatment of the 3-weeks old 
specimens as prepared, and with no pretreatment of specimens which 
were accorded an additional 30-days aging. The painting system con- 
sisted of two coats of a good, proprietary, “concrete, brick and stucco” 
paint. After an exposure of 2,565 light hours in a weatherometer, which 
applies accelerated conditions of sunlight and rain, the paint coatings 
on the untreated and the zine sulfate treated blocks were in approximately 
the same poor condition, while the paint on the block which had been 
aged an additional 30 days before painting was in only slightly better 
condition. Typical results are shown in the photographs of Fig. 1. 
Neither the zinc sulfate pretreatment nor the one month's extended 
aging period proved to be effective in preparing a mortar surface for 
painting. 

Another group of tests was carried out comparing an 8 percent hydro- 
chloric acid pretreatment with the 2 percent zine chloride—3 percent 
phosphoric acid pretreatment, using untreated panels as controls. In 
treating with hydrochloric acid, the surfaces were subsequently rinsed 
with water in accordance with customary practice and allowed to dry 
before paint was applied. In treating with zine chloride-phosphoric acid 
solution, the surfaces were simply allowed to dry. The painting systems 
included two different primers followed by two top coats of the same 
outside white paint, linseed oil type. After 4,427 light hours exposure 
in the weatherometer, it was found that the paint coatings on the mortar 
blocks which had been treated with hydrochloric acid were in even worse 
condition than those applied to untreated blocks. On the other hand, 
the 2 percent zine chloride—3 percent phosphoric acid pretreatment was 
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highly effective. Fig. 2 shows the condition of the paint coatings on five 
typical specimens as they appeared at the end of the test period. 

The results of these tests are in agreement with the considerations dis- 
cussed previously. Where insoluble precipitates resulting from the zine 
chloride-phosphoric acid pretreatment underly the paint film, no signi- 
ficant deterioration of the paint is obtained. Where soluble salts are 
present, as in the other pretreatments and the untreated specimens, 
their damaging effect in promoting ingress of moisture through the paint 
film by osmosis with resultant saponification of the paint oils is apparent. 


PRIMING COATS 


Primers for concrete have customarily been formulated on the principle 
that the vehicle should be highly resistant to alkali. Rubber base vehicles 
and alkali-resistant varnishes and oils have therefore been employed 
extensively in concrete primers. We agree fundamentally with this 
concept because concrete is inherently a producer of alkalinity. How- 
ever, our tests failed to reveal any significant differences in the perform- 
ances of the several clear primers we had under test. These included 
boiled linseed oil, raw tung oil, and a highly alkali-resistant, phenolic 
resin varnish. Not only were there no outstanding differences between 
the primers themselves, but no advantage could be found for any use of a 
special, clear primer previous to the application of finish paints. The 
study of primers was not extensive or in any sense conclusive; pigmented 
primers were not tested and no attempt was made to cover the field. 
Nevertheless, it is felt that alkali resistance should not be stressed at the 
expense of other desirable properties, such as flexibility and adhesion. 
This is particularly true if an effective pretreatment, such as the 2 per- 
cent zine chloride—-3 percent phosphoric acid solution, is used. 


FINISH COATS 


In accepting pretreatment as the principal factor contributing to suc- 
cessful concrete painting, the selection of a suitable finish coat, whether 
applied directly to treated concrete or over a special primer, becomes a 
matter of choosing any good durable, exterior paint. In the accelerated 
tests, a regular outside white paint gave as good service as a special con- 
crete, brick and stucco paint made by the same company. Actually, 
both of these paints were similar, each utilizing linseed oil as the vehicle. 
Usually, paints for concrete and masonry are formulated with a higher 
pigment volume than exterior house (wood) paints and perhaps tend to 
provide a smoother and more pleasing appearance on rough surfaces. 
They, also, might be expected to possess better self-cleaning properties, 
because of a higher pigment to binder ratio. 
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APPLICATION PRACTICES 


As in any painting, surfaces of concrete should be clean at the time of 
painting. Any cleaning method, such as wire brushing or light sand- 
blasting, that effectively removes dirt, efflorescence, and all loosely ad- 
hering particles is satisfactory. Grease or oil spots should be removed 
as completely as possible by scraping, if necessary, and washing with a 
solvent such as mineral spirits or lead-free gasoline. If a pretreatment 
such as the zine chloride-phosphoric acid solution described herein is 
used, cleaning should precede the pretreatment. 

Pretreating solution should be applied liberally by any convenient 
method, such as brushing, swabbing, or spraying. Actual coverage will 
vary considerably, depending on the porosity and dryness of the concrete. 
Where the solution is absorbed rapidly, two or three passes would seem 
advisable to permit thorough reaction at the surface. Adequate pre- 
cautions should be taken to protect the workmen against direct and pro- 
longed contact with acid solutions, even though dilute. A pretreatment, 
such as the zine chloride-phosphoric acid solution, which is designed to 
lay down a precipitate of insoluble salts should be allowed to air-dry, and 
should remain undisturbed except for a light brushing to remove dust, if 
any accumulates, prior to painting. 

The prime coat should follow as soon as practicable after pretreatment, 
but only after the concrete surface has become thoroughly dry; 24 hours 
in good drying weather should be an ample and convenient interval. 
Brushing of the prime coat is considered best practice in order to work the 
paint into surface irregularities and to avoid the bridging that sometimes 
occurs with spray application. Succeeding coats may be applied suc- 
cessfully by either brushing or spraying. Spraying is usually preferred 
for finish coats of quick drying paints such as the vinyl resin types, be- 
cause lifting of the undercoat may occur when the next coat is applied by 
brushing. As a matter of good practice, three-coat application of con- 
crete paint is recommended, although with some paints it is possible to 
obtain adequate coating thickness and good serviceability in two coats. 


CONCLUSION 


The extent to which oil-base paints will be used in the future for con- 
crete painting will depend on proper handling. If the damaging effects of 
saponification and osmosis are eliminated, there is good reason to expect 
oil paints to last longer on concrete than on wood, because there is not 
the excessive volume change in concrete with wetting and drying that 
there is in wood. Ten years would not appear to be an unreasonable 
estimate for the service life prior to repainting of properly handled oil 
paint on concrete. 
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Experiences in the laboratory with the 2 percent zinc chloride—3 per- 
cent phosphoric acid pretreatment are not by any means of an exhaustive 
nature, and, as yet, it has no actual service background. However, it is 
felt there is ample evidence to warrant recommendation of this pre- 
treatment, at least as a matter of trial. The material cost will amount to 
only 10 to 50 cents per 1000 sq ft, depending on the coverage obtained and 
whether the chemicals are purchased in small or large lots. It is believed 
that concrete may be painted successfully within a few weeks after con- 
struction, if advantage is taken of this pretreatment, and that beneficial 
effects may also be realized from its use in painting aged concrete. 
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Some Observations on Using Theoretical Research* 


By T. C. POWERST 


Member American Concrete Institute 


SYNOPSIS 
Theoretical papers have immediate practical value if they are studied 
so as to become a part of one’s working knowledge. Such papers seldom 
give direct answers to specific questions, but answers to various questions 
may emerge from detailed consideration of a specific phenomenon, For 
example, the volume contraction accompanying hydration, considered 
along with data on the characteristics and behavior of evaporable water 


in cement paste, gives useful information pertaining to curing methods 
and concrete durability. 


Secretary Whipple tells me that my appearance here is due to his 
suggestion to the program committee. He suggested that it would be 
worth while to point out the practical signific:nce, if any, of the long 
paper by Brownyard and me, now running serially in the Journat.t 
This is a reasonable request, and I welcome the opportunity to try to 
fulfill it. 

It would, of course, be reassuring to all concerned if we could go 
through this paper item by item and discover data in each one bearing 
specifically on matters we presently regard as having practical importance. 
Let me admit at once that we cannot do that. What, then, is the excuse 
for spending time and money in carrying out and publishing such work 
when there is so much need for practical, usable information? Why 
should engineers confronted with practical problems be interested in it? 
I hope to suggest some reasonable answers to these questions. 

We can agree at the outset that research papers are of no value in 
themselves. We as industrial researchers and practicing engineers are 
not interested in research for research’s sake. Our work must show the 
“SEpreatet ot the ted Ane Sg re ory ene te” 


t''Studies of the Physical Properties of Hardened Portland Cement Paste” by T. C. 
Brownyard, in nine parts. ACI Journat (October 1946 to April 1947), Proceedings v. 43. 
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way to improvements, or it must increase our ability to cope with prob- 
lems that confront us. In other words, we value our work only as it 
bears on practical matters. 

Although we may agree on this criterion for research, we probably 
do not all see alike when we assess the practical value of a paper such 
as ours. 

There is, we believe, a tendency to misunderstand the type of research 
that gave rise to our paper. Some call it theoretical research. We do 
not object to that; in fact I have adopted that term for this discussion. 
But we think it a mistake to contrast theoretical research with practical 
research. I hope to indicate by this discussion that work such as ours is 
practical and useful. Moreover, I hope to show that it is useful not at 
some remote date, but today. 

Although we are confident that our work is practical and immediately 
useful, we are at the same time aware that certain difficulties stand in the 
way of its proper use. One obstacle is the apparent complexity of the 
paper. Some of you have referred to our paper as “deep stuff.’’ I hope 
that this impression is not widespread, for in reality most of the ideas 
presented are simple. However, our unfamiliarity with the language of 
physical chemistry makes the paper seem difficult to follow. Once the 
terminology and a few non-engineering concepts become familiar, there 
should be no difficulty in comprehending this paper. 

Another obstacle is the tendency to use research papers in the same 
way that we use a handbook. We like to answer questions by looking up 
a figure, or a formula, or reading a summary of test results. Our paper, 
and many others as well, cannot profitably be used this way. Instead, 
one must study such papers until the subject-matter—the facts and 
relationships—-becomes a part of one’s working knowledge. If a question 
is answerable from this material, the answer usually emerges from the 
whole fabric of one’s knowledge of it, rather than from specific items of 
fact. 

To illustrate how this may come about, we shall select a topic from the 
paper and look for its practical significance. Since we have but a few 
minutes for this, we are somewhat restricted in our choice of topic. It 
must be one not too unfamiliar and one that requires us to hold only a 
few facts in mind. Hence, I have chosen to discuss the contraction in 
volume that occurs when cement hydrates. This phenomenon has been 
known for many years. It accounts for the absorption of moisture and 
gain in weight of concrete while it is curing in water. 

This certainly does not seem to be a matter demanding much atten- 
tion from anyone concerned with writing specifications for durable con- 
crete, for example. But let us see about that, first noting what takes 
place in greater detail. 
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Fig. 1—Volume composition of fresh paste 











We first examine Fig. 1. This represents the composition of a certain 
sample of fresh cement paste. The sample contains | cc of cement and 
1.8 cc of water, a total of 2.8 ce of paste. At this stage we may consider 
all the water to be chemically free. It is the amount left after the period 
of bleeding. 

We realize of course that the solid is granular and distributed through 
the water; it is not separate from the water as shown here. 

In Fig. 2 we see the composition of the same paste after the cement 
has reached its ultimate degree of hydration, along with that of the 
fresh paste for comparison. An empirical equation given in our paper 
(Part 5, eq. (10)) enables us to state rather accurately what the solid 
content of the paste has become as a result of the chemical reactions, In 
this case, the solid matter has increased from | ce to 2.37 ec, leaving 0.43 
ce of the original water-filled space still unfilled by solids. (w,.c¢ (0.25, 
assumed. ) 
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Fig. 2—Volume composition of hardened paste 
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The residual space is, of course, not separate from the solid as shown. 
We believe it exists as an interconnected system of submicroscopic 
capillaries extending throughout the paste. 

What about the 0.43 ce of space that was not filled with new solids? 
Is it still water-filled? To answer the question we must note this: The 
over-all external volume of the paste is not changed appreciably by the 
cement hydration; the solid volume within the paste boundaries in- 
creases by a large amount; hence, the contraction we are here talking 
about is an internal contraction that results in extraction of free water 
from the capillaries. Now with this in mind let us assume that from 
start to finish this sample was sealed against gain or loss of water. Then 
let us note an empirical equation in the paper and compute how much 
contraction in volume would occur during the hydration of the cement 
(Fig. 3). The equation (Part 9, eq. (36)) tells us that at ultimate hy- 
dration, the contraction would amount to 0.22 ce per ce of cement. This 
is the amount of free water that would be withdrawn from the capillaries. 
Hence, the 0.43 ce of residual space, called capillary space, could only be 
about half filled. 

If you have not previously been thinking along these lines, you may 
be saying, “Interesting perhaps, but what has this to do with practical 
concrete problems?’’ If we shall consider this internal volume contraction 
along with some other facts, we shall find that it leads to significant con- 
clusions and implications with respect to curing methods and with respect 
to frost resistance. 





Empty capillaries « 0.22 cc 
--—- Water-filled capillaries 
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Fig. 3—Computed emptying of residual space at ultimate hydration 





The studies of water in hardened paste given in our paper show that 
as the capillaries become emptied of free water, the remaining water, 
though free, becomes less and less chemically active by reason of capillary 
force. In a paste such as this, the rate of reaction drops almost to zero 
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long before the capillaries are half emptied. (See Parts 2, 3, and 4 of the 
paper.) That means that the condition shown in Fig. 3 could not actually 
be reached; hydration would stop sbort of the possible ultimate degree. 
Sealing the specimen ultimately inhibits cement hydration. 


Since sealing a specimen thus clearly inhibits hydration, may we not 
therefore conclude that membrane curing is inferior to water curing? 
Such a conclusion is correct with respect to extent of cement hydration, 
but it is hardly correct as a general conclusion. In our paper we find 
theory and experiment both showing that as the capillaries become 
emptied, the remaining water becomes more and more difficult to freeze. 
(See Part 8.) Moreover, we know that when freezing does occur it is not 
likely to do much damage unless the capillaries are full, or nearly so. 
Hence, we would say that although membrane curing may not be 100 
percent efficient in promoting cement hydration, it looks pretty good 
with respect to frost resistance, 


Let us now consider what happens when a specimen is not sealed but 
is stored in fog or water during its curing period. The specimen gains 
in weight by absorbing water. Does this mean that the residual space 
remains filled with water? Several observations show that it does not. 
If a water-cured specimen is crushed, the fragments are able to absorb 
water. (lor example, see Tables 8 and 9 of Part 2.) This could not 
happen if the specimen were fully saturated. Also, experiments by 
Norman Withey in our laboratory, and other results reported by Prof, 
M. O. Withey, show that if a specimen is saturated by a vacuum-pressure 
treatment it will fail almost on the first freezing. Since comparable 
water-cured specimens not so treated will withstand many freezings 
before failure, we again must conclude that water-cured specimens do 
not remain saturated during a long curing period, It seems, therefore, 
that the water withdrawn from the capillaries by cement hydration 
cannot be fully replaced by absorption from an outside source, 


These observations thus point to another implication of practical 
significance: This very phenomenon of internal volume contraction is 
necessary to the normal frost resistance of concrete, unless the concrete 
is allowed to dry out before its first freezing. If such contraction did 
not occur, concrete could not have become the important building 
material that it now is; its usefulness would have been greatly limited, 


Time will not permit us to pursue these matters further. What we 
have done is to examine an apparently insignificant phenomenon and use 
& simple equation pertaining to it. By considering this in connection 
with other phenomena, we have seen that such practical matters as 


curing or frost resistance could not be correctly understood without this 
small fragment of knowledge about internal volume change. We did 


pins 
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not seek to find a section in the paper giving tests of curing methods or 
even of frost resistance, but we nevertheless discovered things about 
those matters that could hardly have been revealed by our usual testing 
procedures. 

Finally, I beg your indulgence in a bit of imagery: 

Let us think of research and the writing of papers as the spinning of 
threads. By themselves the threads may be weak and useless, but when 
woven with other threads representing experience and common sense, 
they help to form a strong fabric of knowledge. Thus equipped, we 
may deal intelligently and wisely with our daily problems, and we may 
open the door to new paths of progress. 
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Precast Concrete Storehouses* 
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SYNOPSIS 
The two concrete storehouses at Mechanicsburg, Pa., popularly known 
as the Navy’s “‘precast warehouses’’, are the first structures built entirely 
of prefabricated concrete elements, utilizing the thin-shell technique. The 
framing consists of a series of bents and the surmounting system of ribbed 
roof panels. The component members of the bents are of hollow cross 
section. The hollow segments, which characterize the main framing, are 
obtained by bolting together matching pairs of thin-walled channel- 
shaped elements. To provide continuity at the joints, the reinforcing 
bars of adjacent segments are welded in the splice gaps and the joint 
pockets filled with grout. This paper describes the basic features of de- 

sign, fabrication and erection of the framing. 


INTRODUCTION 


In the field of reinforced concrete construction the Navy’s two new 
concrete storehouses at U. 8. Naval Supply Depot, Mechanicsburg, Pa. 
have attracted wide attention. Since the completion of the job early 
last year, a number of articles have been written describing the novel 
features of the technique utilized in the construction. After the an- 
nouncement of the news to the public, so many inquiries were reaching 
the Navy Department requesting more detailed information on the 
unique project that it was found necessary to prepare a special descrip- 
tive pamphlet for general distribution. 

As in the case of most industrial buildings, the framing of a storehouse 
is essentially a product of structural design, governed solely by the 
well-known criteria of utility, economy and strength. Lacking the 
glamour of architectural treatment or veneers, the simple lines of framing 
of the buildings possess, nevertheless, a certain degree of grace and beauty. 


*Presented at the 43rd Annual ACI Convention, Feb. 25, 1947. 
tHead Designing Engineer, Bureau Yards and Docks, Navy Department, Washington, D. C. 


(1097) 











1098 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE {EEE June 1947 


This is particularly significant in view of the rather large cross-sectional 
dimensions of the arch-like bents. 

The project, in its entirety, constitutes a pioneering undertaking. This is 
true for the design and the framing arrangement, as well as for the fabri- 
cation and erection procedures. For this reason, the description of various 
phases of the job is given here in considerable detail and elaboration for 
the benefit of engineers and builders as an aid and guide in future work. 

GENERAL ARRANGEMENT 

The two storehouses are of single-story type. Dimensionally, each build- 
ing is 600 ft long and 200 ft wide, exclusive of a 16-foot canopy at roof 
level, covering the loading platform on one side. The height is about 24 ft, 
measured from the floor slab to the top of bents along the longitudinal 
center line. The general arrangement of the framing is shown in a partial 
isometric view in Fig. 1. As will be noted, the bents have four legs each, 
transversely dividing the width of the building into three equal bays of 
66 ft; and in the longitudinal direction they are spaced 20 ft on centers. 
A line of longitudinal struts along the tops of columns in each row and 
the ribbed panels of the roof and monitors complete the precast framing. 

In general, the layout is similar to that of the Navy’s so-called standard 
storehouse of timber or steel framing, built in great numbers at various 
stations during the war. While in a conventional type of construction 
this particular bent spacing or layout does not constitute a novelty, 
for precast concrete the arrangement establishes many “‘firsts’’ or prece- 
dents. To begin with, the 66-ft span presents the largest gap bridged 
by a precast frame. The same statement applies also to the ribbed roof 


< 


_— 





Fig. 1—General arrangement of framing 
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panels which span 20 ft from bent to bent. Dimensionally, the com- 
ponent members of framing of the four-legged bents in themselves repre- 
sent the largest prefabricated-concrete building elements utilized in the 
construction of a structure. This is equally true for the cross-sectional 
outlines as well as for the over-all dimensions of the members. 


DETAILS OF FRAMING 


Component members of bents 

The bents or frames are composed of three types of members: the 
columns, the headers and the girder segments. In number, there are 
10 members per bent, consisting of 4 columns, 3 headers and 3 girders. 
The boundaries of these component members, that is to say, the lines of 
jointing in the assembly, are shown in Fig. 2(a). For the two interior 
columns and the outer column on the canopy side, the splice is located 
at the junction to the respective header segment. In the case of the 
column on the other side, the splice is omitted between the column and 
its header piece, the two being cast integrally to form an ell-shaped seg- 
ment. At the canopy side, the header and the canopy beam are com- 
bined into one segment. 


Details of members 

In accordance with the stress pattern, the depth in some members of the 
bents is kept constant, while in others it varies as a straight taper. The 
former category includes the 33-in. end-bay girders and the two interior 
columns with a depth of 24 in. The two interior headers are 60 in. deep 
at the faces of the columns and taper to the respective girder depth at 
a distance 14 ft from the center line. The two end columns, which are 
made alike, have a constant depth of 24 in. up to a height of 8 ft, then 
deepen to 36 in. at the junction to the headers. 

All members of the bents, as well as the longitudinal struts, have hollow 
cross-sections. This important sectional feature, which characterizes the 
bents with the designation of ‘“‘Hollow-Rib” framing, is obtained by use 
of matching pairs of channel-shaped elements, bolted together to form a 
box section. Typical cross-sectional details and the method of inter- 
connection of the channels for the various members are shown in Fig. 2 
(b), (ec), (d), (e) and (f). The following are of special interest. 


Shape of channels: The flanges of the channels have beveled edges. 
This is done in order to provide partial load transfer from one element 
into the other by direct bearing. 


Reinforcing and cover: The web reinforcing of the channels consists 
of wire fabric of varying size and mesh. This fabric is bent and carried 
into the flanges to envelop the main reinforcing bars. The minimum 
cover for the latter bars is about 1 in. 
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Fig. 2—Typical bent framing details 
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Connection detail: The channels are connected by two lines of bolts, 
located near each flange vertically and about 5 ft apart longitudinally. 
These bolts, which are &% in. and 34 in. in diam., pass through 1-in. pipe- 
sleeves cast in the flanges. At the inner end of each sleeve there is a 
projecting bearing plate, shown in Fig. 2(f). The washer plates under the 
upper line of bolts of the girders and headers serve also as connection 
plates to the roof panels, by welding them to insert bars cast in the panel 
ribs, as shown in Fig. 2(b). 

Details of jointing 

The connections between the various members of the bents are of two- 
types: (a) girder splices or joints between girder segments and the headers 
and (b) column splices or joints between columns and headers. The 
latter type also includes the connections of the struts to the headers and 
the columns to the floor stubs. 

A typical girder splice is shown in Fig. 2(g). It consists essentially of a 
joint pocket about 3 ft wide, which is filled with grout after welding the 
abutting reinforcing bars projecting from the flanges. The ends of the 
joined members are formed to provide a temporary erection seat and a 
wedge-shaped opening for the welding of the rods. 

Typical column splices and strut connections to headers are shown in 
Fig. 3. The method of jointing is rather simple. It consists essentially of 
anchoring the projecting reinforcing of the joined members into a common 
joint pocket. The two sketches in Fig. 3(a) and (b) show, respectively, 
the joined and separated views of the members comprising the erection 
assembly. As will be noted, a hole is provided in the bottom flange and 
the two webs of the header in order to admit the projecting rods from the 
column and the struts into. the joint pocket. The connection is then 
completed by filling the pocket with grout through a hole in the top 
flange of the header. A similar detail is also used to connect the column 
to the pedestal stub. 

The location of the splices 

The splices in the girders of the bents are located at or near points of 
inflection under dead loading. Full continuity is, however, provided at the 
splices in order to take care of moments resulting from unbalanced load- 
ing during the erection of the roof framing, or due to possible unbalanced 
live loading after erection. As explained above, the splices of the interior 
columns to the girders are located at the junctions to the headers, at 
which locations the moments are of only negligible magnitude. In the 
case of the outer column on the canopy side, it was originally planned to 
eliminate the splice to the girder by casting the header piece and the 
column integrally in the form of a “T.’”’ However, in order to obviate 
difficulties in handling, a splice was introduced at the junction of the 
column and the header. 
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Fig. 3—Typical framing assembly 


Roof panels 

The roof framing consists entirely of ribbed panels. The dimensional 
properties and the cross-sectional details of a typical panel are shown in 
Fig. 4(a), (b) and (e). The nominal over-all dimensions of the panel are 
5 X 20 ft. To provide for some tolerance in fabrication and clearance in 
assembly of the units, the actual dimensions in width and length are made 
shorter by 14 in. In framing arrangement, the panel is divided into four 
sub-panels, each approximately 5 & 5 ft. The longitudinal edge beams 
are 8 in. deep and have a minimum thickness of 2! in. The cross ribs 
and the end ribs are 6 in. deep and have a minimum thickness of 1! in. 
and 2 in., respectively. To facilitate the removal of the castings from the 
molds, a l-in. taper is provided in the inner faces of the ribs, thus in- 
creasing the rib thicknesses at the top by that amount. The slab is 14 
in. thick, and is reinforced with a 2 X 2 in. mesh 10-gage wire fabric. 
Monitor panels 

Ribbed panels are also utilized in the framing of the roof monitors. 
In outline, the arrangement comprises three types of panels: rectangular 
panels forming the roof of the monitor, the front panels with openings for 
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Fig. 4—Roof panels and monitor framing details 
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windows, and the triangular side panels. The details of framing and 
interconnection are shown in Fig. 4(b) and (c). 


DESIGN OF FRAMING 


The design of a precast structure requires more exacting work than 
that normally encountered in the analysis of a similar framing built by 
the conventional technique. This is a logical expectation. For the pre- 
paration of a satisfactory design will necessitate not only a more careful 
stress analysis but also the development of elaborate details and the 
solution of a number of problems in erection. For the first time the strue- 
tural concrete designer is made fully conscious of the field work. He 
must have a clear idea of the various steps involved in construction and 
prepare his details accordingly. The furnished information must be 
complete, and the directives clearly specified leaving nothing to imagina- 
tion. 

In the case of these storehouses, being the first project of its kind, a 
somewhat cautious procedure was used in the design. First, to get the 
feel of the framing, an analysis was made on the basis of a conventionally 
computed poured-in-place job. Then, with the results thus obtained, 
some tentative sections of hollow core were selected and the analysis 
repeated. Next, the sections of the various members of framing were 
checked and the dimensions adjusted. Lastly, the final moments were 
computed and the corresponding revisions in the sections completed. 
The important features of design include the following: 


Basic assumptions 

The moments of inertia of the members of the bents were computed 
on the basis of homogeneous, hollow cross-sections, and the analysis 
was predicated on variable cross-sections. The assumed fixity condition 
at the bases was half-way between full restraint and free rotation. 


Loading conditions and moments 

The design load conditions for the bent included the dead load of the 
ribs, dead load of the roof, a roof live load of 30 lb per sq ft and the load- 
ing due to a 70 mph wind. The maximum stresses were obtained from 
dead and live loading. In this case, however, it was arbitrarily assumed 
that the live load may oceupy any one bay or combinations of bays. 
The loading conditions and the corresponding moment diagrams for 
some of these studies are shown in Fig. 5. 


Erection and handling stresses 

Extensive studies were made for determining the stresses in the joints, and 
members of the framing during the various stages and possible sequences 
of erection. Another purpose of the studies was to obtain the most ad- 
vantageous locations for the splices and also for determining the extent 
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Fig. 5—Design loading and bending moments 
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of the necessary erection propping and the required periods after which 
such temporary supports could safely be taken down. One of these 
studies, showing a step-by-step moment “growth” under a_ so-called 
straight sequence of assembly, is shown in Fig. 6. In regard to the 
stresses in the members in handling, studies were made to determine the 
points of suspension for the cable slings so that the stresses in the mem- 
bers induced in handling the castings would not cause cracking. 
Unit stresses 
The grades of concrete and the allowable unit stresses in concrete and 
the steel reinforcing were as follows: 
(a) Roof panels 
f’.= 4000 psi (28-day strength) 
f. = 1600 psi 
v. = 160 psi 
f, = 20,000 psi (reinforcing bars) 
} A 30,000 psi (wire fabric) 
(b) Bent framing 
Sf’. = 5000 psi 
fe = 2000 psi 
v. = 300 psi (mesh reinforced) 
Jf. = 24,000 psi 
The maximum unit stresses were computed on the basis of cracked 
sections. In general, the obtained stresses were somewhat less than the 
allowable values. 


In the case of handling stresses, the investigations were predicated on 
the full sections of the members in uniform flexure, with a limiting value 
of 350 psi tension in concrete. 


FABRICATION 


The casting operations for the entire project were carried out at the 
site of construction. For this purpose, the contractor had set up an im- 
provised casting plant adjacent to the two building sites. The work was 
performed in the winter season, with sub-freezing temperatures and 
prevailing clear weather. The interesting features of planning and 
fabrication may be summarized under the following headings: 

Casting plant 

The casting plant consisted of a carpenter shop for preparing the 
molds and three casting platforms. Two of these platforms, measuring 
28 ft x 240 ft each, contained the molds for the roof panels, the struts 
and the interior columns. The other platform, about 20 « 460 ft, con- 
tained the molds for the balance of framing members. Originally it was 
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planned to provide a roof over the platforms. However, owing to delays 
in obtaining the necessary lumber, the plans for the construction of the 
shed were abandoned and the casting area was left unsheltered. 


Molds 

All panels and the channel-shaped elements were cast in concrete 
molds. These “reverse’’ molds were formed by use of wooden patterns, 
and were ground and polished to a smooth contour. Wooden side forms, 
hinged at the bottom, served as edge members for the molds and facili- 
tated the removal of the castings. Some typical molds for channel- 
shaped elements are shown in Fig. 7. 

The framings of the two storehouses required a total of 3,956 castings, 
of which 2,616 were roof panels. The number of molds utilized was 
approximately 100. The corresponding use in production averaged about 
100 castings per mold. 


Rate of casting 

The contractor had planned to complete all the required castings for 
the two buildings in 40 days. This corresponded to a casting rate of 
about 100 elements per day. While this average speed was not attained 
during the first week of casting operations, the rate being in the neigh- 
borhood of an average of 60 units per day, as experience was gained the 
rate was increased with a gradual pick-up to approach and surpass the 
originally set goal. 


Reinforcing 

The wire fabric and bar reinforcings for the cast elements were pre- 
assembled in units in the form of cages and troughs. An assembly bench 
utilized for this purpose is shown in Fig. 8. The assemblies were accom- 
plished at the rate of 40 units per day. In order to facilitate the required 
bending of the wire fabric to conform to the channel shapes or outlines, 
the contractor had designed and built on site a special bending machine 
(Fig. 9) which greatly simplified and expedited this phase of the work. 


Concrete mix 

In order to obtain the proper mixes for strength and workability, it 
was necessary to do a certain amount of experimentation with the pro- 
portioning. The problem of assuring sufficient strength for removal and 
storage of the castings from the molds 24 hours after pouring was further 
complicated by inclement weather, with the temperature dropping below 
freezing point almost nightly. Minimum strength for handling the cast 
elements had been set as 3000 psi. To obtain this strength, it was found 
necessary to use not only a generous amount of high early-strength 
cement, but some admixture as well as a special means of protection or 
coverage of the castings during the night. Test results indicated that 
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Fig. 7 (top left}—Concrete molds used in Fig. 8 (top right)—Preassembly of reinforc- 


casting channel-shaped elements ing 
Fig. 9 (center left}—Machine for bending Fig. 10 (center right ‘ouring concrete in 
wire mesh reinforcing molds of column segments 
Fig. 11 (bottom left)}—View of a vacuum Fig. 12 (bottom ae eons a roof 
suction lifting pad panel from mold by suction lift 


the strength of an unprotected cylinder specimen would be increased as 
much as 50 percent by simply providing some cover during the night in 
the form of an insulating box. In simulating this coverage for the actual 
pours, special insulating blankets of paper bags filled with fiber glass, 
with an over-all thickness of about 2 in., were provided for the castings 
after the pours. 

To check the obtained strength, test specimens were taken from all 
the mixes each day, cured under the same conditions as the castings and 
tested in a temporary laboratory set at the site for this purpose. In 
addition, a close check was maintained for the poured concrete to see 
that a minimum temperature of 60 F was maintained. This in turn re- 
quired the use of warm water and heated aggregates for air temperatures 
below 50 F. In all this work, the contractor was aided by the advice of a 
concrete technician 
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The mixes for the roof panels and the bent framing were as follows: 

(a) Roof panels: 762 lb “Incor’”’ cement, 1325 lb sand, 1500 Ib gravel 
(4@ in. max.), 400 lb water and 15 Ib CaCle. 

(b) Bent framing: 846 lb “Incor’ cement, 1250 Ib sand, 1470 |b gravel 
(1 in. max.), 415 lb water and 17 Ib CaCl. 

The water-cement ratio of former mix, before vacuum processing, was 
six gal per bag and for the latter mix was 5% gal per bag, with a slump 
varying from 5% in. to 6% in. The absorption of water by vacuum 
treatment was equal to about 0.7 of a gal per bag. 

Casting 

Concrete was brotight to casting site in a 3-cu yd truck mixer, each 
batch being sufficient for about 4 roof panels. After pouring the con- 
crete into the molds, it was spaded and vibrated in place and, after strik- 
ing to a finish, the top surfaces of the castings were vacuum treated. The 
work was then completed by the application of a curing spray to the top 
surfaces, followed by the placement of the insulating blankets. Fig. 10 
illustrates a typical pour for bent framing. 


Removal of castings from the molds 

The castings were removed from the molds by vacuum lifts in the form 
of specially designed reinforced lifting pads, operated by a crawler crane 
of 50-ton capacity. ‘To facilitate the removal of the castings, use was 
made also of compressed air to break bond, For this purpose, the air 
was introduced through small openings or “windows” built in the molds 
and connected to a compressor by a series of pipes. This special lifting 
system, designed by the Vacuum Concrete Co., proved to be a most 
valuable aid in fabrication, A typical lifting pad is shown in Fig. 11, and 
the lift as applied to a roof panel is illustrated in Fig. 12. 


Storage and handling of castings 

The castings were removed from the molds 24 hours after pouring the 
concrete and stored in stacks for air curing. In the case of the roof panels, 
the castings were first stored in an aisle located between the two casting 
platforms, Later they were transferred to the building site and stacked 
on the floor slab at a location accessible for their lifting and placement 
on the bents, As shown in Fig. 13, transfer was accomplished by loading 
the panels on a trailer-truck, handling in G-unit stacks and utilizing a 
two-line sling-lift arrangement, The castings for the frame members 
were stored in a similar manner, However, in this case an additional 
operation of joining the channel elements to form the hollow segments 
of framing was necessary, Since these channel clements are lifted from 
the molds in their “inverted” position, that is, the flanges hanging down 
(Fig. 14) the positioning of a pair of elements for coupling assembly 


required a 180 deg rotation for one of the castings, For this purpose, 
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use was made of a sling arrangement consisting of a steel pipe with a 
sheave at each end grooved for the two sling lines, as shown in Fig, 15 
and 16. To assure a minimum of strain in the castings both in their 
stored position, as well as during handling by slings, computations were 
made for each member to determine the minimum number of points and 


locations of support or suspension, In general, two supports were pro- 











Fig. 13 (top left)——Stack of roof panels Fig. 14 (top right)—Pairing two channel 
being loaded on transfer truck elements of a header segment 


Fig. 15 (center left)—Column casting lifted Fig, 16 (center right)——Placing an assembled 
by sling for sub-assembly with matching unit girder segment on storage racks 


Fig. 17 (bottom left)—View showing partial Fig. 18 (bottom right)—General view of erec- 
assembly of framing and erection propping tion, showing placement of a girder segment 
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vided for each member during storage, except in the case of the long seg- 
ments where an additional support was furnished. However, in order to 
preserve the simplicity of the lifting arrangement, only two points of 
suspension were used during transfer lifts. 


ERECTION 


The method of erection of the framing was somewhat similar to that 
generally utilized in steel construction. The various members of the 
bents were hoisted and positioned by two boom-derricks, and held secure 
in place prior to jointing by erection braces and props, (Fig. 17 and 18), 
The progress of erection was from one end of the building toward the 
other, and from the sides toward the center, with a derrick in each of the 
two side bays covering the lifts of the assembly in a symmetrical se- 
quence. 


Sequence of assembly 

The detailed sequence of assembly of the framing is shown diagram- 
matically in Fig. 19. As will be noted, it consisted in erecting the columns, 
headers, struts, girder segments in center bay, girder segments in end 
bays and the roof panels in that order. Immediately after the erection 
of the columns, they were braced by three-way guys; and after placing 
the header segments, a vertical cross-braced frame was installed at each 
end of each segment, to brace the corresponding units of adjacent bents 
in pairs. 


Welding and grouting 

The jointing of the various members closely followed the erection of 
the bents. The work included the welding of the abutting bars at the 
splices of the girders and the grouting of the joint pockets. This was 
done in the following order: bottom joints of columns and top joints of 
columns and girder splices, The grout in the joint pockets was pro- 
tected by a sheltering box containing an electric bulb to maintain an 
80 deg. temperature during the accelerated setting. 


Assembly of roof panels 

Due to the limitations imposed by the reach of the erection cranes, 
the lag of time between the completion of the bent joints and the place- 
ment of the roof panels was rather short, in some cases being less than 24 
hours. In view of this limitation, it was necessary to choose a sequence 
of placement for the roof panels which would result in the most favorable 
stress condition at the joints of the bents. The adopted sequence was as 
follows: 1) erect the panels in the middle bay, beginning at the columns 
and progressing toward the center of the bay; 2) erect the panels in the 
end bays, similarly starting at the columns and progressing toward the 
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center. The placement of a typical roof panel and a monitor panel are 
shown in Fig. 20 and 21. 
Weights of erection lifts 

The weight of the heaviest single-member lift was about 7 tons, the 
girder segment in the side or end bays. Dimensionally, these members 
measured 43.5 ft long, 36 in. deep and 20 in. wide. The 5- X 20-ft roof 
panels weighed about 1.5 tons each; and when lifted in stacks of six 
units, the 9-ton lift represented the heaviest erection weight. 





Fig. 20 (left)—Erection of a typical roof panel 
Fig. 21 (right)}—Monitor side panel being placed in position 


Fitting and assembly results 

In general, no difficulties were experienced during either sub-assemblies 
or the final assembly. The use of rigid molds and the holding devices 
for the inserts were apparently adequate in maintaining a rather close 
check on the over-all and cross-sectional dimensions of the elements as 
well as on the positioning of the connection fittings. The few exceptions 
included some misplaced coupling pipe sleeves and slightly misaligned 
reinforcing bars at some of the joint splices. The provided 4-in. toler- 
ance in the over-all dimensions of the roof panels proved to be more than 
ample, It could probably be reduced to \ in. in future work. 


In appearance, the smoothly merging lines of the completed assembly 
present a “well-tailored” job. The two close-up views of the framing 
(Fig. 22 and 23) will give some idea of the quality obtained in fabrication. 
The view of the roof monitor framing in particular is both pleasing and im- 
pressive. It also demonstrates the practicability of use of an all-panel 
framing in the construction of small buildings or dwellings. 


Speed of erection 

The framing of the first building was erected in about 40 days. With 
the elimination of some construction kinks, and with the benefit of gained 
experience, the time required for complete erection of the second building 


was cut to 18 days. 
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Fig. 22—Exterior view of 
completed framing on can- 
opy side 





Fig. 23—Close-up interior 
view of roof monitor fram- 
ing 





MODIFICATIONS 


The number of changes or modifications in the basic details and 
framing arrangement required during fabrication and erection was rather 
small. This was particularly gratifying in view of the unprecedented 
nature of the project. A close liaison was maintained by the designer 
during the progress of the construction by holding frequent conferences 
with the contractor’s engineers to discuss the various phases of the work. 
The deviations from the originally developed details and arrangement 
consisted of the following: 


Casting hollow segments in one piece 

The contractor proposed to cast the interior columns and the struts 
which were of constant cross section in one piece, utilizing paper tubing 
to form a circular hollow core. This change, which affected some 350 
members, was approved with reluctance since it added a considerable 
amount of dead weight to the sections not needed for strength, and might 
also cause a possible loss in control of quality due to the confined pouring. 


Increased taper 

To facilitate the removal of castings from the molds, the thicknesses 
of the panel ribbing and the channel flanges were increased to provide a 
l-in. taper in the inner faces. 
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Connection of roof panels 


According to the original details, the roof panels were to be connected 
to the bents. by means of connection clips. The contractor proposed to 
omit the clips and utilize the washer plates of the girder connector bolts 
by welding them to insert bars cast in the ribs of the panels. The revised 
detail is shown in Fig. 2(b). 


Welding of splice bars 

To provide some tolerance in assembly, the contractor was given per- 
mission to splice the bars in the girder splices by lapped welding where a 
direct butt connection of the rods could not be obtained. The effect of 
the resulting eccentricities was considered as negligible in view of the 
rather low stresses at these joints. 


Splice of canopy girder 

As explained previously, the original plans contemplated the casting 
of the column and the canopy header, extending to the girder splice, in 
one piece in the form of a T-shaped segment. The resulting member 
being too unwieldy for handling, the contractor proposed to cut one 
arm of the T by introducing a splice in the header at the outer face 
of the column. However, owing to difficulties in providing a satisfactory 
detail, the splice was relocated at top of the column, where the bending 
moments are relatively small. 


CONCLUDING OBSERVATIONS 


The two buildings were designed and built as an experiment to ex- 
plore the possibilities and the relative merit of precasting as compared 
with conventional methods of construction. However, even though the 
project was experimental, the work was performed by lump-sum con- 
tract. More significant, the award was made on the basis of competitive 
bids which included many alternatives embodying non-fireproof and 
rather temporary types of framings. The low bidder was the Corbetta 
Construction Company of New York. 

The successful completion of the project has demonstrated the merit 
of precast concrete construction. The attained success is particularly 
gratifying since the two buildings were built during the winter season 
and with the use of improvised equipment. The success was assured by 
the joint efforts of all those connected with the project. In this, the zeal 
and the enthusiasm of the contractor’s force, the cooperation of the 
officer-in-charge of construction and his aids, and the diligent work of the 
engineers in the Bureau of Yards and Docks are worthy of special men- 
tion. 
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By K. HAJNAL-KONYIf 


Mr. Amirikian calls this job, in its entirety, “a pioneer undertaking.” 
He points out that “the component members of framing of the four- 
legged bents in themselves represent the largest prefabricated concrete 
building elements ever utilized in the construction of a structure.” 

There can be no doubt that the job contains a number of ingenious 
details, but having in mind some recent developments in precast con- 
crete in Europe, one cannot help asking whether these storehouses, im- 
pressive as they are regarding their overall dimensions, represent a 
pioneer work in the real sense of the word. 

The justification for this question will be clear by reference to three 
examples from three different countries. 

(1) In a steelworks at Kattowice, Silesia (Germany) prestressed pre- 
cast lattice girders of 92 ft span for very heavy loading were used, each 
weighing about 12 tons.'{t The roof, 112 ft above ground level, was formed 
by thin precast barrels, each covering an area 16 ft 5 in. by 32 ft 10 in. 

(2) The three main girders of the new road bridge over the Marne at 
Luzancy (France) of 180 ft span, are composed of 22 precast hollow 
blocks and prestressed.?- The central sections of these girders, erected 
as single units without any falsework in the river or any formwork, are 
128 ft long; they contain 16 blocks and weigh 90 tons each. The claim 
of “largest prefabricated concrete elements ever utilized in the construc- 
tion of a structure’? may be justified with regard to these girders. 

(3) Prestressed hollow girders of 60-ft span to carry a gantry between 
cement silos were recently erected in Belgium.* They are composed of 
small precast blocks. 





*ACI Joumnat, June 1947, Proc, V. 43, p. 1007. 
t thartered Structural Engineer, London, England. 
Numbers refer to references on p. 1116-12. 
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In view of these European examples, to which many more could be 
added, it would be interesting to know whether in the case of the store- 
houses of the U.S. Navy Department, the use of prestressed concrete was 
considered, 

In the discussion of another paper* Mr. Amirikian says that the de- 
velopment of prestressed concrete was favored abroad because of the 
scarcity of materials. Saving in steel was desirable also in the United 
States during the war, and it still is under present conditions. His further 
statement, that the ‘“‘present mechanical devices’ for stressing are too 
“cumbersome’’, is not applicable to Professor Magnel’s equipment.* If 
the stretching has to be done in lengths of 60 ft or so, the cost of labor 
per unit length is not substantial. 

For the purpose of comparison, it would be of great interest if Mr. 
Amirikian would give a few data regarding the weight of steel and volume 
of concrete per unit of roof area or per unit volume of covered space. 


R. L. McILMOYLE 


Pressure of work prevented the writer from contributing to the dis- 
cussion on Mr. Amirikian’s former paper, but the detailed descriptions 
and information given in the present paper together with the remark 
made by the author in the closure to the discussion of the previous paper 
where he stated that in Europe “the applications of the technique have 
been confined to a few elements of framing rather than to an entire strue- 
tural assembly” has prompted the following notes which it is hoped will 
show that further progress has been made than has been suggested. 

For over 25 years the writer has been associated with the design, manu- 
facture and erection of precast concrete units for structural purposes, and 
he has records of buildings made entirely of precast units which were 
erected before World War I. Although these early structures were minor 
ones the principles adopted have not substantially changed in the inter- 
vening periods. 

The use of precast concrete units ranging from very small units up to 
those required for renewal of bridges on.the L.M.S. Railway has been 
covered by the writer in a paper presented to the Railway Section of the 
Institution of Civil Engineers in 1943f but considerable advances in the 
application of precasting to buildings have been made since that date. 

Fig. A shows a concrete gantry 880 ft long which carries an 80-ft. span, 
carrying a 6-long-ton overhead traveling crane. This gantry was con- 
structed entirely of precast units which were assembled on site to form a 


*Author's closure to discussion of ‘Precast Concrete Structures; ACI Jounnan, June 1047, Proc. V. 43, 
4-4 


The Use of Precast Concrete for Railway Purposes,"’ Institute of Civil Engineers (Railway Section) 


1th Vn Engineer, Structures, London Midland and Seottiah Railway Co., Watford, Herts 
or 
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Fig. A—880-ft concrete gantry which carries a 6-long-ton traveling crane 
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Fig. B—Main structural member is a 45-ft span rigid frame precast in three units. 
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continuous structure. A similar gantry of approximately the same di- 
mensions was constructed a few years later and the provision of a number 
of similar structures is now under consideration. It has been found that 
gantries of this type are constructed more quickly and at less cost than 
if the work were carried out in situ. 


Fig. B shows the extension to an existing shop where the main structur- 
al member is a reinforced concrete rigid frame. This frame which has a 
45-ft span was precast in three units: two legs with knees and an inter- 
mediate roof beam section which was concreted solid with the legs after 
erection. The frames are 17 ft on center and the main part of the roof 
covering is of precast concrete slabs. The frames carry a 40-ft span, 10- 
long-ton overhead traveling crane but the girders for this are rolled 
steel joists as these facilitated the connection with the existing gantry. 


The warehouse described by Mr. Amirikian is a relatively straight- 
forward building in that cover with a small amount of daylight in the 
roof only is required. Pre-cast concrete units have been used on the 
L. M.S. for a type of building which must not only be weathertight but 
must also provide a maximum amount of natural lighting with efficient 
smoke extraction. The structure in question is an engine house which on 
the L.M.S. is somewhat different from the normal American type in that 
the tracks are generally parallel instead of radial, and as locomotives 
may be stabled at any point on these, it is necessary to provide means for 
removing the smoke from any point. To meet these particular conditions, 
a standard design was evolved which consists of seven types of basic 





Fig. C—Continuous smoke trough aggre hese vents approximately half the length of 
each unit 
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Fig. D—59-ft span rigid frame with deep outer columns placed outside existing wall for 
maintaining clearance inside 


units which are columns, beams, smoke curtain units (these units form a 
continuous trough which collects the smoke from the locomotives), gutter 
units, roof glazing bars, vent units and trough cover slabs. The con- 
tinuous smoke trough is provided with vents (Fig. C) which are approxi- 
mately half the length of each unit, the remaining portion of the trough 
being sealed with slabs. The columns and beams are 16 ft on centers 
longitudinally, the span of the beam varying with the shed but normally 
not greater than 36 ft. The smoke curtain units and the gutter units 
span between these beams. The former are approximately 8-ft deep and 
weight 234 tons. 

In one case it was necessary to carry four pairs of smoke troughs on the 
beam without intermediate support and to do this within the limits 
available it was necessary to construct the beam as a rigid frame. These 
frames at 16-ft centers have a span of 59 ft with deep outer columns 
placed outside the existing wall to maintain clearances inside. The 
vertical and horizontal sections of the frame were precast separately and 
in-situ joints made to obtain full continuity. The general arrangement 
is shown in Fig. D. 

Some of the sheds constructed in this manner are quite large, ap- 
proximately 276x 174 ft with a total covered area of approximately 
45,000 sq ft. 


The most recent application of this design has been to a complete round- 


house, the turntable being in the open in the center. The overall diam- 
eter of the structure is approximately 290 ft. The shed is constructed 
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entirely of precast units with the exception of the screen walls which are 
in brickwork and the floor which is in-situ concrete. The engine pits 
which are provided in each road have also been constructed of precast 
units. Although the structure is approximately circular in form it con- 
sists of 8 identical segments and the number of special units has been re- 
duced toa minimum. The largest units are the radial beams adjoining 
the turntable which are 50 ft long and weigh over 121% tons. The total 
number of units was approximately 10,000. So far two identical sheds of 
this type of construction have been erected and more are contemplated. 

The writer is very interested in Mr. Amirikian’s successful use of the 
box member made up of two channels, as some years ago he had con- 
sidered using this method for a similar type of work but had abandoned 
it because he was not satisfied with the detail which had been developed 
for joining the two sections. 

Mr. Amirikian’s method seems simple but it would appear to be some- 
what questionable if the projecting bearing plates justified their use due 
to the additional expense in handling and fixing these. The method he 
has used for making in-situ joints is largely that which the writer has 
employed for the last 20 years and has found quite successful in practice. 

In the case of the warehouse described in the paper, the concreting of 
the joints has been simplified to a certain extent by the hollow sections 
used for the members particularly the connection at the bottom of the 
columns. In the case of the crane gantry referred to earlier the precast 
columns were connected to the in-situ pile cap foundation by leaving pro- 
jecting steel which was concreted into the pile cap. This method pro- 
vided a satisfactory joint but it was difficult to keep the column lined and 
held in position during concreting. 


The detailing of the jointing between the columns, beams and struts is 
somewhat similar to that adopted by the writer about 1925 but which he 
abandoned subsequently owing to difficulty in inserting the projecting 
steel into the various pockets in the members. It has been found that 
erection is facilitated and no delay has been caused to the progress of 
the work by stopping the members short, fixing steel forms and con- 
creting the whole of the space in solid. 


In the writer’s experience, provided there are a sufficient number of 


units to obtain a reasonable number of uses of the forms, (this is now of 
great importance in Great Britain as timber is in very short supply), 
precast concrete is as cheap, if not cheaper, than any alternative form of 
construction; in addition it has generally a much better appearance and 
requires much less maintenance expenditure. 
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AUTHOR'S CLOSURE 


The comments of Messrs. McIlmoyle and Hajnal-Kényi are welcome, 
although they reflect somewhat diverging points of view from another 
continent on this timely subject. It is regretted, however, that instead of 
confining the discussions to a constructive and critical review of merit 
of the precast framing utilized in the Mechanicsburg project, the main 
effort in both cases is directed towards negating certain incidental state- 
ments in the present paper and in the writer’s closure of a previous paper. 


In principle, precasting does not constitute a new process. The use 
of this principle in buildings antedates conventional or poured-in-place 
concrete work, as one of the earliest types of framing element—stone—is 
known to have been used in its cast or artificial form by the Greeks and 
Romans, and the Egyptians before them. 


A distinction must, however, be made between a principle and its 
application. Engineering is essentially an application of a few general 
principles. While a principle is basic and does not change with time, its 
applications will vary almost endlessly in accordance with changing 
conditions. There will always be a new application of an old principle, 
and if the new application is made not simply as a stunt or novelty but 
to accomplish something really worthwhile, such an undertaking can 
justly be called pioneering. 

To the best knowledge of the writer, and this includes the benefit of 
extensive research of patents and available literature on the subject, the 
Mechanicsburg project represents a unique application of the principles of 
precasting. As stated in the paper, the originality applies equally to the 
design, the framing arrangement, the details of connections, the method of 
fabrication, and the procedure of handling and erection. Mr. Hajnal- 
Kényi takes exception to these claims and, to support this contention, 
cites three examples of precast concrete framing built in Europe. An 
examination of References 2 and 3, which describe two of the examples, 
fails, however, to disclose much similarity either in concept or execution 
between the European examples of precasting and the Mechanicsburg 
framing. Reference 1, being war-time issue of a German publication, 
is not available for the needed study and comments. Its title, however, 
suggests that at least the girders in reference were composed of precast 
parts of relatively small length. 

In making a comparison of the two types of framing, it is to be noted 
that the Mechanicsburg storehouses utilize hollow-rib rigid framing built 
by the thin-shell technique. This characteristic feature of framing is 
made practicable by use of thin-shell channel-shaped elements, which 
can be cast to any desired length in conformity with handling and ship- 
ping facilities. This, in turn, reduces to a minimum the number of field 
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joints or splices, which constitute a relatively important item in the 
cost of an assembly. The maximum overall length of these elements 
used in the warehouse was approximately 44 ft. In contrast, the basie 
framing elements described in References 2 and 3 consist of hollow blocks 
of rather short length, being about 8 ft long in the arch rib assembly in 
the former project and only 20 in. in the girder assembly of the latter. 
Because of the box shape, involving obvious difficulties in casting, the 
use of such relatively short lengths is understandable. The utilization 
of these elements in a relatively simple single assembly is made possible 
by use of prestressing cables. The practicability and economy of these 
elements in a rigid framing, comparable to the storehouse bents, even 
with the aid of prestress, are highly questionable. 

Mr. Mellmoyle gives a number of examples of precast concrete build- 
ings built in England in recent years. From the rather meager descrip- 
tion of framing details, it appears that these buildings conform to a type of 
framing developed by a pioneer of the earlier days, the late f. L. Ransome, 
who built a number of structures* of similar framing some 50 years ago. 
Formerly known as the “Ransome Unit System,” this type is now gen- 
erally called conventional precasting and is characterized by its solid 
sections and rather bulky connection details of questionable economy. 

Material only partially utilized in a framing, such as is the case of 
solid-section elements, results not only in waste but also in increased cost. 
It is possible that half a century ago such wastes were probably of little 
consequence. For in the days of the “Ransome System” precast concrete 
could be had for only $20.00 per cu yd. But today it would cost as much 
as $100.00 per yd. The writer’s research and inquiry reveal that the 
tonnage of precast concrete framing, whether composed of hollow or 
solid members, is a good basis for computing the cost. That is to say, in 
the final analysis the cost is expressed in terms of dollars per ton or yard 
of concrete in the framing. Accordingly, any reduction in weight is apt 
to result in a proportionate saving in cost. 

Mr. Mellmoyle advances some claims regarding certain features of the 
Mechanicsburg framing. It is reasonable to expect that one who has been 
engaged in design work of precast concrete structures for as long a period 
as that stated by Mr. MelIlmoyle would have thought of many new ideas 
and novelties in designs of framing. It is also conceivable that the basic 
ideas of framing and some of the jointing details developed by the writer 
may have occurred to Mr. MelIlmoyle too. It is, however, difficult: to 
understand why one would have abandoned such an arrangement. in 
preference for an old system. The advantages thus lost are regrettable; 
for had the framings described by Mr. MelIlmoyle been designed and 


*A description of some of these buildings is given in the book, Reinforced Conerete Buildings, by 1. I 
Ransome and A. Saurbrey, McGraw-Hill Book Co., 1012 See alao Engineering News-Record, June 
1014, p 740, and Nov, 20, 1915, p. 635; ACI Proce, V. 13, 1017, p. 148 
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fabricated in accordance with the principles embodied in the Mechanics- 
burg project, great savings in cost, labor and materials would have 
resulted. 

On the other hand, there is some doubt in the writer’s mind whether 
Mr. MelIlmoyle in his study of the paper had a clear picture of the details 
of the Mechaniesburg framing. This doubt arises from some of his 
critical comments. One of these concerns the idea of channel elements 
which constitute the most important feature of the new framing. Mr. 
Mellmoyle states that he had considered the use of such elements but 
had abandoned the idea for lack of a satisfactory connection detail. 
He then questions the merit of the details developed by the writer 
because of the use of projecting bearing plates in the lips of the channel 
flanges, which he believes to be expensive in “handling and fixing.’’ It 
is to be noted that the plates in question, shown in Detail A of Fig. 2, are 
not loose but form an integral part of the pipe-sleeve assembly, pre- 
welded to the desired position in an assembly jig. Hence the handling 
and fixing of these little bearing plates entail but little expense. Further- 
more, at the time of preparation of the design details, it was not known 
to what tolerance the flanges could be cast and, in order to obviate the 
possibility of spotty bearings on the concrete lips under bolt tension, 
these plates were introduced as a precautionary measure. However, the 
accuracy of alignment of contact surfaces of these elements actually 
obtained during the initial casting Operations was so satisfactory that a 
direct bearing between them could be had without danger of cracking the 
concrete. Accordingly, these little bearing plates, inexpensive as they 


were, were eliminated from the later castings 


Another point relates to the field splices of the framing. Mr. McIlmoyle 
states that the method used for making in-situ joints at Mechanicsburg 
“is largely that which he has employed for the last 20 vears and has found 
quite successful in practice.”’ However, the statements in the following 
two paragraphs of the discussion do not convey the same thought, partie- 
ularly as regards the jointing detail between the columns, girders and 
struts described and illustrated in the paper. In view of the expressed 
unfavorable opinion regarding the merit of the detail in question, it is 
regretted that Mr. MelIlmoyle does not elaborate on the details of jointing 
utilized by him in his designs. 


Still another comment of Mr. MelIlmoyle, which is somewhat difficult 
to reconcile, pertains to the type of roof framing, which he describes as 
“a relatively straightforward building in that cover with a small amount 
of daylight in the roof only is required.” It does not seem reasonable 
to call the monitor framing a “straightforward” arrangement, nor its 
glassed-in panels as small openings. As a matter of fact, little additional 
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difficulty would have been experienced had the architectural requirements 
called for monitor framings for the entire roof, or a system of framing 
similar to the monitor-front panels shown in Fig. 4. The important 
thing to be noted is the fact that the feasibility of casting and erection 
of panels with irregular outline and framing were realized with little 
difficulty and expense at Mechanicsburg. 


Mr. Hajnal-K6nyi inquires whether consideration was given to the use 
of prestressed concrete in the framings of the storehouses. In replying to 
this question it will be assumed that the reference is to precast and pre- 
stressed concrete. With this qualification, it may be stated that some 
consideration was given to the utilization of prestressing of the roof panels, 
but the obtained savings of steel did not justify the estimated additional 
expense of introducing the prestressing. However, in the case of bent 
framing proper, no thought was given to the use of prestress, owing to 
the obvious difficulty and expense of its possible application. 


In this connection, it is to be remembered that the Mechanicsburg 
concrete storehouses were built on the basis of competitive bids. Despite 
the experimental nature of the framing, the execution of design was made 
subject to the comparative costs with conventional types of construction, 
and the bids were submitted by a number of competing contractors. 
Under these circumstances, and in order not to further jeopardize the 
chances of acceptance or realization of the precast design, which already 
embodied so many new features of framing and deviations from common 
or standard practice, it becomes evident why no serious thought could be 
given to the supplementary use of prestressing. 


These reflections must not be taken, however, as final conclusions 
on the merit and future possibilities of prestressing. The writer’s views on 
the subject were clearly expressed in a previous discussion referred to by 
Mr. Hajnal-Kényi. As stated there, the utilization of prestressing will 
remain as an important objective in precast concrete construction. Its 
successful use will depend solely on actual or proved economies in the 
cost of construction. To this end, we will need newer methods and im- 
proved equipment for prestressing. Devices and equipment presently 
available do not provide such economy, at least when examined in the 
light of the labor situation in America. The writer cannot agree with 
Mr. Hajnal-Kényi that Professor Magnel’s improvement of Freyssinet 
method of prestressing provides the needed solution to the problem. 
For example, it would be interesting to see how he would propose to 
apply the method in stressing the rigid frame bents of the Mechanicsburg 
storehouses. Or, could he give an example of European application 
where the proposed method has been applied to a framing of equal com- 
plexity? For it is one thing to prestress a single member element, whether 
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it be straight or curved, such as illustrated by the examples in References 
2 and 3, and an entirely different problem when dealing with an outline 
of framing composed of an assembly of girders and columns forming ¢ 
rigid-frame bent of multiple bays. 


If we should fail to develop a satisfactory method of prestressing which 
could economically be applied to rigid framing, then we would have to give 
consideration to the possibility of introducing certain modifications in the 
latter arrangement to render it adaptable to presently available devices 
and equipment for stressing. The writer has already given some thought 
to this alternative, and has found one way of accomplishing the nec- 
essary modification. This is by means of articulation. The results of 
his studies of this phase of design, which he hopes to present in the near 
future, indicate that it is possible to devise a framing which would have a 
minimum number of rigid joints necessary for stability and, at the same 
time, contain a series of hinges to establish a set pattern for the applica- 
tion of prestress. 


The statistical data of framing requested by Mr. Hajnal-K6ényi may be 
summarized as follows: 


QUANTITIES PER UNIT OF AREA 


Wire Rein Total 
Concrete, mesh, bars, steel, 
cu ft lb lb lb 
A. Quantites per sq ft of enclosed 
floor area: 
Roof panels, including monitor framing 0.198 0.705 1,634 2. 339 
Bents and balance of framing 0. 206 0.314 1 854 2.168 
Complete framing. . . 0.404 1.019 3.488 t.507 
B. Quantities per sq ft of covered 
area including covered platforms: 
Roof panels, including monitor framing) 0.186 0.664 1.539 2.203 
Bents and balance of framing 0.104 0.206 1.748 2 044 
Complete framing 0.380 0.960 3, 287 1.247 
©, Quantites per cu ft of enclosed 
building space: 
Roof panels, including monitor framing) 0.008 0.030 0.070 0.100 
Bents and balance of framing 0.009 0.014 0.080 0.004 
Complete framing ' | oO O17 0.044 0. 1500 0.104 


D. Quantites per cu ft of covered 
space including sheltered platforms: 


Roof panels, including monitor framing} 0.008 0.028 0.066 0.094 
Bents and balance of framing... | 0.008 0.018 0.076 0.089 
Complete framing | 0,016 0.041 0.142 0.183 
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Precast Concrete Warehouse Construction * 


By LOUIS P. CORBETTAT 


Member American Concrete Institute 


SYNOPSIS 


The contractor, who built two experimental warehouses of thin shell 
precast concrete elements for the United States Navy under a lump sum 
contract awarded on a competitive basis, describes how the unique con- 
struction problems involved were approached and solved. Also discussed 
are the actual costs of the job and the estimated costs of building 5 similar 
warehouses with the “know-how” gained on the first two. 


For what is believed to be the first time in construction history, a 
concrete structure of experimental type of framing, utilizing thin-shell 
precast concrete elements{ was built under a lump sum contract. 

On July 7, 1945 competitive lump sum bids were taken for the con- 
struction of five one-story warehouses at the U. 8. Naval Supply Depot, 
Mechanisburg, Pa., each 23 ft high, 600 ft long and 200 ft wide. 

The basic design called for a structural steel framing, utilizing four 
alternate types of light weight roof decking: (a) 3 in. wood sheathing, 
(b) 2% in. gypsum plank, (c) steel decking and (d) concrete channel 
tiles. The column spacing was 40 ft x 40 ft. 

An alternate design was presented to the bidders which called for a 
novel type of framing of precast concrete bents, decked over with long 
span precast concrete roof slabs, with column spacing of 20 ft by 67 ft. 

Foundations of the spread footing type, floors on earth, and masonry 
wall enclosures were similar for basic and alternate designs. 

Time allocated for construction was the same, approximately 8 months, 
with three weeks allowed to prepare the bids. 

The terms of the letting of the contract were such that the bidder 
could bid on the following combinations: (a) 5 standard structural steel 


+P resented 1 at 43rd ACI Convention, Cincinnati, Feb. 25, 1947. 
tSecretary, Corbetta Construction Co., Inc. New York C ity. 
tSee also ‘Precast Concrete Storehouses” , by A. Amirikian, ACI Jx., June 1947, Proc. v. 43, p. 1097. 
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warchouses, (b) 5 precast concrete warehouses or (c) 3 structural steel 
plus 2 precast concrete warehouses. 

Eight bidders offered proposals. Five bid only on the basic structural 
steel design. The other three bidders offered various combinations 
involving the precast concrete type. The contract was awarded to 
Corbetta Construction Co., Inc. of New York City for three warehouses 
of basic steel design and two of precast concrete design, their proposal 
being lower than any other combination offered by the other seven 


bidders. 
FIELD ORGANIZATIONS 


The contractor placed two distinct organizations in the field. One 
of these was assigned the task of building the foundations for all five 
warehouses and the superstructures of the three structural steel frame 
and wood roof deck warehouses. The structural steel was sub-let to 
Bethlehem Steel Company for both fabrication and erection. The 
second organization was to devote itself exclusively to the construction of 
the casting plant, the fabrication of all concrete shapes, and the erection 
of the two precast concrete warehouses. 


EXPERIMENTAL RESEARCH 


The contractor had previously developed a rather unique casting 
technique for thin-shelled concrete elements for experimental Navy 
small craft which convinced him that precast concrete structures could 
be built economically and expeditiously. This conclusion was based on 
several considerations: 


(1) The job must be large enough to provide the opportunity to make identical 
shapes a minimum of 30 to 40 times from the same mold or form. 

(2) The fabricator must be able to strip forms or remove the concrete shapes 
from the molds on a 24-hour basis. 

(3) The use of concrete itself as the form or molding surface medium. 

(4) The reversal of the usual practice in forming concrete where the form is 
removed from the poured concrete shape to a condition where the poured 
shape is removed from the forming medium. 


This permits the forming of concrete shapes with the minimum move- 
ment of forms, without any additional movement of the casting itself, 
the only penalty being the high first cost of providing the original form 
or mold. 


FORM WORK OR MOLDS 


Consider the problem of shaping a slab 5 ft wide by 20 ft long, only 
144 in. thick but stiffened at its longitudinal edges by 3 X 8 in. ribs and 
stiffened transversely by 5 ribs each 2 X 6 in. the entire slab averaging 
only 21% in. in thickness over its 100 sq ft of top surface. 
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If this slab were formed lying as it does in its final position the 100 
sq ft of roof slab would have 128 sq ft of ceiling surface around the ribs, 
etc., and it would have 43 sq ft of exterior bulkhead surface to form 
making a total of 171 sq ft of surface to form 100 sq ft of finished roof 
slab. 

If the slab were formed as a wall section standing on one of its edges 
the total surface to be formed would be 258 sq ft instead of 171 sq ft as 
above, so obviously, economy in contact surface area dictated which way 
the slab should be cast. 

Now conventionally, forms could be arranged so that they could be 
removed from the casting, even if only to lower them a few inches, then 
the casting would be removed from the pouring location; the forms 
would be repositioned and preparations for repeating the cycle would 
ensue. 

But here an innovation was used; suppose the “underneath” part of 
the form should be made of stone (concrete) finely polished to a smooth 
finish, corners rounded and vertical faces sloped and suppose we could 
prevent adhesion of the fresh concrete to the stone mold; then if we 
could remove the casting from the poured location (which we do in 
the conventional method) the 128 sq ft of contact surface would be 
contacted each cycle without even touching the form; the only formed 
contact area requiring “stripping” and resetting being the bulkhead 
portions of the form or 43 sq ft. Thus, the process would require the 
handling of only 43 sq ft out of a minimum of 171 sq ft of contact form 
area, or roughly only 25 percent of the formed area would require erection 
and stripping. 

This translated itself on the two warehouses as follows: 

Total concrete castings involved 3958 pieces using 3303 cu yd of concrete with 
698,400 sq ft of formed surfaces, of which only 225,900 sq ft represented movable 
forms and 472,500 sq ft represented fixed forms requiring no erection or stripping. 
Thus, only 33 percent of all contact surface area required manipulation of form 
work. 

Another advantage peculiar to the process was that the clearing of 
a given mold form, and its preparation for the next pour, was normally 
accomplished in less than one and one half hours, so that the cycle of 
pouring once each 24 hours in a given mold permitted a maximum 
curing time available for a casting before disturbance, of 22) hours. 

Still another undoubted advantage of the concrete mold form was the 
accuracy of dimension which could be obtained when working with a 
solid medium like stone as against limber—a point of considerable 
importance when working with thin shell castings involving small 
dimensions. This point was proved by the excellent matching which 
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was obtained in joining the two halves of all box girder sections (made 
as channel sections) which ranged from 30 ft to 42 ft in length. 


FORM COSTS 


The “stone molds” were laid on a poured concrete slab and since the 
“movable forms’? were always the edge bulkheads it was possible to 
fasten them on hinges to the ‘‘stone molds”’ so that their movement was 
merely that of rotating a door-like element through a 90-deg are. In 
this way the labor cost to manipulate the “movable form’’ was less 
than 3¢ per sq ft of movable form area or less than l¢ per sq ft of total 
contact surface area. 

The total cost of labor and materials to create the ‘‘mold forms’’ 
amounted to $32,000.00 for 18,200 sq ft of contact surface forms or 
approximately $1.75 per sq ft. However, since this layout was used 
38 times for 698,400 sq ft of formed surfaces the cost of the use of the 
“mold forms” was only 4.6¢ per sq ft. This compares with conventional 
forming, using lumber and hardware, of anywhere from 4.0¢ to 10.0¢ 
per sq ft where reuse of forms runs from 6 to 10 times. Also of consider- 
able significance is the fact that these ‘‘mold forms’’, because of their 
nature, are practically indestructible and could have been used as easily 
100 or even 200 times with little or no additional expense, making possible 
a cost, under certain circumstances, of as little as 1.0¢ per sq ft for the 
use of the forming facility; which in reinforced concrete practice is a truly 
remarkable potential. 


PROGRESS SCHEDULE 


In scheduling, the time indicated to be available for casting operations 
appeared to be 10 weeks and since it was the period between Sept. 15 
and Dec. 1, it was thought that we could not expect to get more than 
40 working days out of the possible 50 days in the period, it being an 
outdoor job. Accordingly, the required 3956 castings which involved 
only 20 different kinds of elements were divided roughly by 40, and there 
resulted 105 molds which were refilled and emptied once each day. 


The progress schedule for the structural concrete roofs of the 2 ware- 
houses was broken down as follows: 


(1) Time for planning and drawings 6 wks., from 7/15 thru 8/31 
(2) Time for building casting yard and 

facilities twks., from 8/15 thru 9/15 
(3) Time for making all castings 10 wks., from 9/15 thru 12/ 1 
(4) Time for erecting concrete structures 8 wks., from 10/15 thru 12/15 


Total elapsed time 5 mos., or 22 wks. 
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The actual schedule realized for the work covered above was as follows: 


(1) Time for planning and drawings 8 wks., from 7/15 thru 9/ 1 
(2) Time for building casting yard and 
facilities 7 wks., from 8/15 thru 10/ 8 
(3) Time for making all castings 10 wks., from 10/8 thru 12/15 
(4) Time for erecting concrete structures 13 wks., from 11/ 5 thru 2/ 1 
Total elapsed time 614 mos., or 28 wks. 


FACTORS INFLUENCING PROGRESS 
The specific methods which made it possible to handle concrete ele- 
ments weighing as much as 3% tons and measuring as much as 42 ft in 
length, cast in the open air using a 24 hour full cycle during October, 
November, and December are listed as follows: 

1) Conerete mix: 8.3 sacks high early strength cement plus 2 percent CaCl, 
was used to obtain strengths in 22 hours averaging 3000 psi (ultimate-6400 psi 
average). 

(2) Casting and insulation: Rock wool insulating blankets placed over cast- 
ings poured with concrete delivered at 70 F from ready-mix trucks maintained 
hydrating temperatures in the thin shell concrete although air temperatures 
were as low as 20 F. 

3) Suction lifts: Specially designed vacuum lifting mats built to full size of 
castings made it possible to lift castings “off of’? molds without injury because 
no point stresses were imposed during “break away” period. 

t) Casting removal aid: Specially arranged compressed air chambers spaced 
about 5 ft o. ec. along the entire length of the casting together with a film of a 
special blend of castor and fuel oil made it possible to break the natural seal 
between poured concrete and the “‘stone’’ mold bed. 


PREFABRICATION OF REINFORCING 


Worthy of mention was the job solution worked out for making the 
cages of wire mesh and bars for reinforcing the thin shell castings. Be- 
cause of the small dimensions involved throughout all castings, it was 
necessary to insure accurate bending of wire mesh sheets, tolerances of 
4 in. being allowed. All cages were assembled in jigs so that they 
were merely dropped into molds in a matter of minutes. To bend such 
long sheets of wire mesh two pneumatic power benders were designed 
and built on the job, each capable of handling at one press a sheet of 
mesh 6 X 20 ft. After shaping, bars were fastened to wire cages as 
required and completed cage assemblies were then ready to use in any 
given mold. 

Casting yard procedures and plant arrangement were so happily 
planned that the schedule clicked almost at once. By the 4th day the 
process of removing yesterday’s poured castings from the mold beds, 
cleaning the molds, oiling and resetting movable forms, dropping the 
reinforcing cages into their locations and pouring the new set of castings, 
moved through the 105 mold beds in rotation. Mold beds “freed” at 
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7 a.m. were ready to pour for the new casting at 8:30 a.m. The process of 
removal and pouring continued through to completion, generally by 4 p.m. 


ERECTION 


In erection much difficulty was experienced, principally because the 
contractor thought the procedure to be so close to structural steel erection 
practice that insufficient study was given to advance planning with 
result that a false start was made. Consequently, the first warehouse 
was “stumbled through” in 40 days, but by that time, correct procedures 
were established and the second warehouse was erected in 18 days with 
ease. 

Worthy of note was the use of the concrete floor slab on earth to locate 
accurately and fasten, with expansion bolts, the tripod devices used 
to plumb and hold columns; and the light false work to hold girder sections 
until welded into a whole. 

Also worthy of note was the fact that this tough 6000 psi concrete 
required no gingerbread handling. At first, manila rope slings were 
used in the belief corners would need protection, but very soon, standard 
heavy wire rope slings were used without any favoring, to lift pieces up 
to 7 tons without injury. It was found that all elements, however long 
or thin, simply wove and flexed without cracking. It seems reasonable 
to assert that in the second warehouse with the ‘‘bugs” worked out of 
procedures, the fact that the pieces of structure being handled by the 
ironworkers were concrete, in no way slowed down the ordinary slinging 
and handling technique which these same men would have used if the 
pieces had been structural steel. 

At this point, it might be well to mention that the structural steel 
which was ordered for the 3 standard warehouses on July 15, arrived 
on the job about Oct. 20 (roughly 3 months) and was all erected at about 
the same time the second of the 2 concrete warehouses was completed 
at the end of January. Actually, the concrete casting was sufficiently 
advanced on Oct. 20 to have permitted the start of erection on that 
date if our erection thinking had been sufficiently planned in advance. 
At any rate, in spite of the fact that a casting plant had to be designed 
and built, we were ready with fabricated concrete elements as fast as 
structural steel could be gotten to the job under normal market conditions. 


COSTS 


The following information is given on the basis of unit cost per ton 
of concrete casting, a comparison being made between actual costs and 
re-estimated costs if 5 warehouses had been built with the same facilities 
as used for two warehouses, eliminating known wastes due to the ex- 
perimental nature of a first trial. 
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Actual costs of two warehouses—frames and roofs—7180 tons 
Costs to cast (labor and all other costs): 2 warehouses Per ton 
(1) General supervision and general conditions $ 14,900.00 $ 2.03 
(2) Preparatory fixed expense all facilities . 76,887.00 10.70 
(3) Plant and equip. rental] including trucking 28,797.00 4.00 
(4) Incorporated materials ; 98,838.00 13.75 
(5) All labor to cast and handle . 73,375.00 10.22 
$292,797.00 $40.70 
Costs to erect (labor and all other costs): 
(1) General supervision and general conditions 7,448.00 1.05 
(2) Preparatory fixed expense falsework 11,656.00 1.66 
(3) Plant and equip. rental 12,600.00 1.76 
(4) All labor to erect, weld and grout 


58,983.00 8.21 





$ 90,687.00 $12.68 


Grand total costs: . $383,484.00 $53.38 


The actual costs listed above overran original estimated costs sub- 
stantially, the original estimate being $298,000.00 or $41.60 per ton of 
casting. Of the $85,000 overrun, factors not provided for in the original 
estimate accounted for $41,000 or nearly half. These were: winter 
weather protection, $11,000; overtime, $14,000; supervisory expense 
(heavy because of the trial nature of the job—ran over badly when the 
job was extended 6 weeks, from 22 estimated to 28 actual), $16,000. 
One other large item of overrun was the erection labor on the first ware- 
house, $25,000. The remainder of the overrun was in the cost of fixed 
preparatory expense for plant facilities. 


Actually, costs for casting 
labor was less than estimated. 


Estimated cost of five warehouses—frames and roofs—1 7,900 tons 

The following is the writer’s estimate of what it would cost to build 
five such warehouses instead of two, where the basic actual cost data 
is used and modified in the light of actual experience to suit the enlarged 
group of five warehouses. 


The time factors used herein have been carefully checked and it is 
believed they are thoroughly realistic. The fact that only 6 additional 
molds beyond the original 105 would be needed indicates that the in- 
creased cost for preparatory fixed expense would be negligible. Again, 
in appraising labor for erection, actual costs realized in the second of 
the 2 warehouses built is used; and in the case of casting labor, the costs 
obtained in the final 50 percent of the time spent in casting was used. No 
allowance, however, has been made for winter weather, it being assumed 
the job would be scheduled accordingly. 
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Work to be done: 


Number of warehouses Five, each 200 ft x 600 ft plus canopies, 
Roof area 630,000 sq ft 

Number of bents 155 

Volume of concrete 8,250 cu yd 

Weight of concrete castings 17,900 tons or 57 Ib per sq ft warehouse roof 
Number of castings 9,890 


Time Factors: 


(1) Total time to prepare, cast and erect 5 buildings 25 weeks 
(2) Time to prepare all plant, molds, ete. 6 weeks 
(3) Time to actually cast after preparation 18 weeks 
(4) Number of daily pours in period on 24 hour cycle 90 days 
(5) Time to erect starting 2 weeks after start of casting and 

completing 1 week after completion of casting 17 weeks or 


2 bents daily 
Estimated costs: 


Costs to cast (labor and all other costs): 5 warehouses per ton 
(1) General supervision and general conditions . . $ 22,000.00 $ 1.23 
(2) Preparatory fixed expense all facilities. . . . 78,000.00 1.36 
(%) Plant and equipment rentals including trucking, ete. _ 33,000.00 1.84 
(4) Incorporated materials . . . . . 246,000.00 13.75 
(5) Alllabor tocast and handle. . . . . . 158,000.00 8.82 

$537,000.00 $30.00 


Costs to erect (labor and all other costs): 


(1) General supervision and general conditions — . 12,000.00 67 
(2) Preparatory fixed expense, falsework —. 12,000.00 .67 
(3) Plant and equipment rentals, ete. . 15,000.00 84 
(4) All labor to erect, weld and grout. 90,000.00 5.04 

$129,000.00 $ 7.22 
Grand total estimated costs: . . . . . . $666,000.00 $37.22 


Despite the actual costs obtained on the first two warehouses, the 
contractor offered to build 5 more warehouses for the Navy in 1946 of 
precast concrete at the same price received in 1945 for 3 of structural 
steel framing plus 2 of concrete if the Navy intended to build additional 
units, showing evidence of the contractor’s faith in precast concrete as 
a new medium of construction. It is also to be remembered that the 
proposed price was actually obtained in competition in 1945 against 7 
bidders who wanted more money to build 5 conventional steel frame 
warehouses. 

Yes, the unconventional design* of a precast concrete framing and 
roof was proved in the field—where so often the pretty looking job ‘‘on 
the board” has ‘“‘come a cropper’. 


*See footnote { p. 1097. 
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Bond Characteristics of Commercial and,Prepared 
Reinforcing Bars* 


By S. T. COLLIERT 


SYNOPSIS 


A study of the bond resistance of deformed reinforcing bars as 
affected by type of deformation, position of anchorage, and the con- 
sistency of the concrete in which they were embedded. Forty-eight 
specimens representing five bar designs were made for pull-out tests, 
two tests for each set of conditions. 


INTRODUCTION 


Early in 1945 a request was made by the bridge division of the 
Kentucky Department of Highways that bond characteristics of certain 
reinforcing bars be analyzed by the department’s materials research 
laboratory. Nothing extensive was contemplated, it being the intent 
of the bridge division to determine whether reinforcing steel commonly 
used on bridge projects at the time would develop bond stresses reason- 
ably close to those that could be developed by the specially prepared 
bars; and if not, whether the special bars produced benefits commensurate 
with increased costs. 

Five types of bars were selected, and pull-out tests in preference to 
beam tests were chosen, largely as a matter of expediency. Variable 
slumps were included but subordinated since structural concrete in 
Kentucky specifications is limited to 2-in. to 4-in. slumps for most of the 
heavily reinforced sections in which bond characteristics would be of 
concern. Unfortunately, at that time, suitable means for vibrating the 
concrete were not available in the laboratory for there again the experi- 
mental condition did not conform strictly with specification requirements. 

Initially, a fairly large variety of tests were planned, but by the fall 
of 1945 more urgent research on matters pertaining to pavement designs 


*Presented at 43rd Annual ACI Convention, Cincinnati, Feb. 25, 1947. 
tMaterials Engineer, Kentucky Department of Highways, Lexington, Ky. 
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for an expanded construction program made curtailment of the project 
necessary. Even so, the study served its primary purpose very well, 
and revealed new relationships and new problems that probably were 
more important than those originally conceived. Those carry a high 
priority for future investigation when more immediate problems in de- 
sign, construction and maintenance have been solved. 


MATERIALS 


Concrete materials for this study were obtained from sources that 
normally furnish large quantities for bridge construction in the eastern 
and central parts of the state. One standard brand of portland cement 
purchased in a large lot for a bridge construction project was used 
throughout the tests. Fine aggregate was a pit sand furnished by a 
commercial producer north of the Ohio River, the source of material 
here being a glacial terrace in conjuction with the valley of a major 
tributary to the Ohio. Coarse aggregate was crushed limestone of the 
standard Kentucky size No. 6 (90 to 100 percent finer than the 1-in. 
size and 0 to 10 percent finer than the No. 4) obtained from the stock- 
pile of a producer. Geologically, the limestone was lower Ordovician 
of the Tyrone and Oregon formations—a dense crystalline material low 
ip impurities principally silica in the form of stable quartz. The stone 
had an excellent service record in concrete for all purposes. 

Tests of the cement by the testing laboratory passed this material for 
use, and tests of the aggregates by the research laboratory showed that 
fine (sand) and coarse (stone) materials had a bulk specific gravity of 
2.65 and 2.72, respectively, and absorptions of 1.0 and 0.6 percent re- 
spectively. In addition, the limestone had a Los Angeles Abrasion loss 
of 27 percent. 

Four of the five types of reinforcing bars—all 7% in. in diameter and 
36 in. long, all deformed, and all of what is generally called intermediate 
grade reinforcing steel—were obtained directly from the manufacturers. 
Three of these were ‘‘specially prepared”’, the deformations being in the 
form of ribs rather than lugs. All of the three specials were similar to 
the extent that ribs in each case formed a closely spaced double helix, 
but differences lay in the form and spacing of ribs. (Fig. 1.) 

Bar No. 1 had continuous double helical ribs spiraling continuously 
around the bar at 0.4 in. spacing. Bar No. 2 had reversed double helical 
ribs spaced at 0.4 in., the direction of the helix on one side of the bar 
being reversed with respect to that on the other side. Bar No. 3 had 
same deformations as Bar No. 2 but spaced at 0.5 in. In contrast, 
the fourth bar purchased from a manufacturer was a so-called commercial 
type having transverse lugs spaced 1.5 in. apart and staggered on opposite 
sides of the bar. This specimen was designated as Bar No. 4. 
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Fig. 1—Form, imprint and spacing of deformations on bar specimens 


The final type, referred to as Bar No. 5, was also of the “commercial” 
group and was purchased from a local supply house in Lexington. This 
bar had longitudinal lugs spaced at 4.0 in. in each of four rows, the lugs 
being staggered diametrically rather than at 90 deg. It is pertinent but 
of undetermined significance that all bars purchased from the manu- 
facturer were new, in good condition, and had little or no rust; whereas 
specimens of Bar No. 5 were completely covered with rust when pur- 
chased, the rust being removed with a wire brush before the bars were 
used. Tension tests on the different bars checked closely the manu- 
facturer’s certification of a vield point of 42,000 psi. 


PROCEDURE 


The bars were cast in three positions in a manner illustrated by Fig. 
2, and all were embedded to a depth of 10% in. or 12 diam. 

Those specimens cast vertically were placed in standard 6- X 12-in. 
concrete cylinder molds with one end of each bar protruding approxi- 
mately 0.5 in. below the base of the moid. Specially designed bases for 
this purpose, plus the use of supporting frames and clamps, provided means 
for holding the bars rigidly in place while concrete was poured and set. 

Similarly, horizontal bars were cast in upper and lower positions in 
6- x 1014-x 18-in. prisms, the upper having 15 in. and the lower having 
3 in. of concrete below its center. Again each bar extended about 0.5 
in. beyond the back of the mold. Molds for these prisms were of wood 
with steel clamps, and rigid supports at the front and rear of the forms 
held the bars in place while the concrete was setting. After the entire 
prisms had cured for 14 days, the bars and surrounding concrete were 
separated into upper and lower horizontal specimens by sawing the 
prisms on two planes, designated as “A’’ and “B” in Fig. 2. By this 
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NOTES 


1. Horizontal Bor Specimens Separated By 
Sawing On Planes A&B. 


2.Bors Extended Beyond Bock Of Hori- 
zontal Forms And Below Bottom Of 
Vertical Forms For A Distance Of 
Approximately 0.5" 
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Fig. 2—Diagrammatic illustration of means for preparing specimens tested for 
bond characteristics 


procedure separate samples 6 X 6 in. in cross section (with the bars 
centered in that area) and 101% in. long were provided, the intervening 
6 in. of concrete between planes ‘“‘A” and “B” being wasted. 

Batches were designed for quantities sufficient to cast all samples 
of a series or all those representing a given bar embedded in concrete 
of a given slump. In all cases, two samples for each type of embedment 
were prepared, and in addition, three cylinders for twenty-eight day 
compressive strength determinations were poured. Basic design for 
the mixes was: 


a ee 6 sacks per cu yd 

SERS TA RO Se 6 gal per sack 

Proportions of aggregates by weight’. .40 percent fine; 60 percent coarse 
rear OE eres, Sida a4 eo « 3 in. 


As stated before, some specimens with slumps of approximately 6 in. 
were made, and in those instances adjustments in design were, of course, 


necessary. 

Concrete was placed in both types of molds in 3-in. lifts each rodded 
25 times with a puddling rod and spaded with a trowel about the outer 
faces of the molds. After 24 hours of curing under wet burlap, the forms 
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were removed and the samples were placed in the moist room. After a 
total of 14 days, specimens were prepared for test by sawing the hori- 
zontally cast samples from the prisms as previously described, then 
capping both the compression test cylinders and the pull-out test samples, 
the former being treated in the usual manner and the latter being capped 
at the ends where loads were eventually applied. Here care was taken to 
make the capped surfaces perpendicular to the axis of the bars in order 
to avoid eccentric loading caused by uneven bearing between the capped 
surface and the head of the testing machine. An additional period of 14 
days curing in the moist room was allowed before the specimens were 
loaded. 

A 300,000 lb hydraulic machine with a smallest interval of 100 lb 
in the 100,000 lb range was used in making the pull-out tests. 

Each specimen was mounted in the machine by placing the embedded 
block on a smooth plate set on top of the upper or moving cross head 
(Fig. 3) so that the 25-in. unenclosed portion of the bar extended down- 
ward. The bar was gripped by jaws in the lower or stationary cross 
head—20 in. of the bar remaining between the concrete block and the 


jaws. An extensometer clamped on the concrete block and consisting 





Fig. 3—Specimen and appurtenances in position for pull-out tests 
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of a dial gauge bearing on the bar was used to measure slip at the upper 
or free end of the specimen. This gauge measured to 0.0001 in. 
Beneath the moving cross head and fastened securely to the bar was 
another extensometer consisting of two dial gauges measuring to 0.001 
in. and bearing on the lower surface of the cross head. Average readings 
of these gages at any load modified by subtracting pre-determined 
elongation of the bar at that load was the measure of slip at the loaded 
end of the bar. Loads were applied at the rate of 1,000 lb per minute 
and extensometer readings were taken at each 1,000 lb interval, the 
test being concluded when the slip at the loaded end reached 0.02 in. 
In some cases this resulted in steel stresses greater than the yield point. 


RESULTS 


Average compressive strengths for the several mixes varied from a 
low of 4633 psi for a mix with a water-cement ratio of 6.70 gal per sack 
to a high of 5818 psi for a mix having a 5.42 water-cement ratio. Those 
which had slumps within the range permissible under Kentucky specifi- 
cations—viz., 2 to 4 in.—did not fall below 5350 psi compressive strength. 
The maximum variation among strengths of three samples representing 
any mix in this category was 3.0 percent; hence, there is little doubt of 
the quality and uniformity of mixes from the standpoint of strength. 

As might be expected, the effects of slump on bond and steel stresses 
developed in the pull-out tests were more obscure. Typical of this were 
the relationships plotted for Bar No. 1 in Fig. 4. 

These data, and those representing commercial bars, indicated that 
the reaction of bond characteristics to slump was dependent upon the 
position of casting. Almost invariably, greater stresses were developed 
by the specimens with lowest slump when the bars were cast vertically; 
however, the opposite was true for specimens cast horizontally. There 
were exceptions to this, principally from the standpoint of stresses 
developed at different amounts of slip. 

Ostensibly these relationships indicate that the placing of concrete 
was influential, it being easier to distribute the more plastic concrete 
about the bars in the case of those cast horizontally; whereas in the 
case of specimens cast vertically there was little or no difference in ease 
of placement so the concrete with lowest slump and the greatest strength 
had the best bonding power. Further significance may be attached to 
the fact that specimens with concrete of different slumps were more 
nearly equal in bond on bars cast in the upper horizontal than in the 
lower horizontal positions. This was so despite the pronounced in- 
feriority of bond characteristics for all upper horizontal specimens. 
These, as well as other results from tests on the five sets of specimens 
are illustrated in Fig. 5. 
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Fig. 5—Load-slip curves from tests on five types of reinforcing bars embedded in concrete 
with approximately 3 in. slump 
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For all specimens represented, the total load-slip relationships of bars 
cast in the upper horizontal position were never equal to those of speci- 
mens cast in the other positions. However, in one instance (Series A) 
the initial portion of the curve did not conform to this pattern, that 
instance being the only one where the stresses developed by upper 
horizontal bars closely approached those developed by bars cast in the 
other positions. Generally the stresses of the upper horizontal specimens 
seldom exceeded 60 percent of stress values for other specimens at 
corresponding degrees of slip. Also, for the most part, the bars cast 
vertically were superior to those in the lower horizontal position, but the 
superiority of the vertical bars was not as pronounced as the inferiority 
of upper horizontal bars. 


With but one exception, all types of special deformations increased 
the bond or resistance to pull-out forces, especially in the lower ranges 
of slip. Only in the specimens cast vertically did the bond of one com- 
mercial bar exceed that of a special bar. Furthermore, the resistance 
of these vertically cast bars was so great that in all but one case (Series 
C, Bar No. 4), the yield point of the steel was exceeded and, as shown 
in Fig. 6, that point was exceeded with less than 0.01 in. slip for bars 
No. 1 and No. 3; and at only slightly more than 0.01 in. slip for bars 
No. 2 and No. 5. Only No. 3 bar developed a steel stress greater than 
the yield point when embedded in the upper horizontal position, but all 
the special bars exceeded the yield point when cast in the lower horizontal 
position. 
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All things considered, there was little basis for differentiating among 
the bond characteristics of the three specially prepared bars for where 
No. 1 developed the greatest stress in the vertical position, Bar No. 2 
exceeded in the upper horizontal position, and Bar No. 3 (except in the 
very low range of slips) was best in the lower horizontal position. In 
contrast, the commercial bar with longitudinal lugs (Bar No. 5) in- 
variably and unmistakably surpassed the bar with transverse lugs in 
bond developed at any amount of slip. 

Within the limitations of the number of tests made, possibilities of 
experimental error and inconsistencies of sample preparation, it can be 
said that: 

(1) Bonding power varied with the slump of the concrete, but that the 
variation was largely dependent upon the position in which bars 
were cast. 

(2) Bars cast in the vertical position developed greatest bond, those in 
the lower horizontal position were intermediate and upper horizontal 
specimens were distinctly inferior in bonding power. 

(3) Specially prepared bars in practically every instance developed 
higher stresses than the commercial bars, especially when the speci- 
mens were cast horizontally. Differences were accentuated in the 
range of low slips since special bars developed high stresses with 
little movement, while on the contrary, the stresses in commercial 
bars increased more uniformly thoughout the range of measured 
slips. When the bars were cast vertically the differences between 
bars of the two categories were not so distinct nor so great. 

(4) The bonding efficiency of the three prepared bars varied with the 
three positions of casting so that there was little basis for differen- 
tiating among the bars. On the other hand, the commercial bar 
with longitudinal lugs invariably developed better bond than the 
commercial bar with transverse lugs. 
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The Corrosion of Reinforcing Steel in Cracked Concrete* 


By BAILEY TREMPERT 


Member American Concrete Institute 


SYNOPSIS 


Sixty-four small concrete blocks containing steel wires and deformed 
bars as reinforcing were loaded as beams to produce cracks normal to 
the direction of the steel. After ten years outside exposure, the steel 
specimens were removed from the concrete and examined for the amount 
of corrosion, Corrosion was found for short distances in the region of the 
cracks but was too minor in degree to be considered of serious 
consequence 


INTRODUCTION 


Considerable uncertainty seems to exist in the minds of engineers as 
to the degree of protection afforded against corrosion of reinforcing 
steel by concrete in the region of cracks. This report presents the results, 
after outdoor exposure for ten years, of the corrosion of steel in reinforced 
concrete specimens containing cracks of varying widths. 


SCOPE OF TESTS 


Sixty-four concrete blocks, 8 X 8 X 29 in., were made according 
to the schedule given in Table 1. Duplicate specimens from different 
batches were made for each of the 32 conditions represented, 

A portion of the concrete mixtures was intended to represent well- 
proportioned and well-placed concrete. Because segregation during 
placing occurs to a very limited extent in laboratory-made specimens, 
compared to field concrete, a portion of the mixes was made with poorly 
graded aggregates which it is felt, in the leanest mix at least, is repre- 
sentative of some concrete in which severe segregation has occurred 
during placement. 


*Received by the Inatitute Feb. 3, 1947 
tMaterials and Research Engineer, Washington State Department of Highways, Olympia, Wash, 
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TABLE 1—CHARACTERISTICS OF BLOCK SPECIMENS 





Reinforcement | Aggregate | w/c, gal per Surface width of crack 
sack 








16 gage black 
annealed wire (Well graded (414%, 6%, 8%) 0.005 in., 0.01 in., 0.02 in., 0.05 in. 
16 gage black 
annealed wire (Poorly graded 4%, 6%, 8% 0.005 in., 0.01 in., 0.02 in., 0.05 in. 
7 gage cold- 


drawn wire ‘Well graded 6% 0.005 in., 0.01 in., 0.02 in., 0.05 in. 
Intermediate 

ade deformed | 

ars, 44 in. sq. |Well graded 614 0.005 in., 0.01 in., 0.02 in., 0.05 in. 


16-gage black, annealed steel wire was selected as the reinforcing for 
the majority of the specimens as it was believed that this wire would be 
more susceptible to corrosion than cold-drawn wire or hot-rolled billet- 
steel bars, and thus would afford an accelérated test condition. The 
cold-drawn wire was of the type conforming to A.S.T.M. Designation: 
A82-34. The deformed bars were intermediate grade, billet-steel con- 
forming to A.S.T.M. Designation: A 15-39. 


TEST PROCEDURE 


During the molding of the blocks three pieces of reinforcing wire were 
placed in the concrete 2 in. apart. In the case of the deformed bars, 
two were used. All pieces of wire were free from rust and were bright 
when placed. Billet-steel bars were free from rust but carried a coating 
of mill scale which was firmly attached to the base metal. 


The reinforcing was placed in the molds when they were half filled 
and then the filling of the molds was completed. Information on the 
grading of the aggregates used in the mixes is given in Table 2 and the 
data on the mixes are given in Table 3. 


The blocks were cast with 4 brass bolts protruding from the two 
opposite sides parallel with the direction of the reinforcing. After moist 
curing for 14 days, the blocks were loaded as simple beams until a crack 
was formed in a direction normal to that of the reinforcing. The width 
of the crack at the top surface was adjusted to the values given in Table 
1. (This procedure probably stressed the 16-gage wire beyond its yield 
point.) 14 X 1-in. brass strips, drilled and slotted, were fastened to the 
brass screws to maintain the cracks at the desired widths. Fig. 1 illus- 
trates the method of holding the cracks to constant width. The specimen 
shown contains poorly graded aggregate in the 4% gal-per-sack mix. 
The harshness of the concrete is clearly evident. The crack in this block 
is 0.05 in. wide. The cracks were V-shaped and the widths given in 
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TABLE 2—GRADING OF AGGREGATES 


Coarse aggregate 


Well graded Poorly graded 
Percent passing 34-in. round 100 100 
14-in. round 60 30 
14-in. square 20 0 
No. 4 0 0 


Fine aggregate 


Percent passing No. 3 100 100 
4 99 95 
6 96 87 
Ss 87 69 
16 72 46 
30 49 27 
50 13 9 
100 1.2 1.1 


Table 1 are those at the surface. The widths at the intersection with 
the reinforcing were one-half as great. 


EXPOSURE CONDITIONS 


After the blocks were prepared they were given identifying numbers 
and placed on a rack for exposure with the wide opening of the crack 
upward. For the first two years the exposure site was on the state 
capitol grounds near the water’s edge on Budd Inlet, an arm of Puget 
Sound. During the following eight vears the rack was placed in the 
yard at the Materials Laboratory situated on the tide flats at Olympia. 
The arrangement of the blocks on the rack is shown in Fig. 2. 


TABLE 3—MIX DATA 
Well graded aggregate 


Gal per sk 


4.5 6.5 8.5 
Fine aggregate, lb per sk of cement. 178 280 350 
Coarse aggregate, Ib per sk of cement. 209 271 318 
Water, lb per sk of cement* 38.1 56 70 
Sk of cement per cu yd Ss 6 5 


Poorly graded aggregate 


Fine aggregate, lb per sk of cement. 189 302 440 
Coarse aggregate, lb per sk of cement. 258 342 450 
Water, lb per sk of cement* 38.8 53 70.5 
Sk of cement per cu yd 7 5 4 


*Batches were mixed to a slump of 3 to 4 in. 
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Fig. 1—Test specimen 





Fig. 2—Specimens during 
exposure 





The weather for this region is normally mild and rather damp, with 
approximately 145 rainy days and about 51 in. rainfall per year. The 
normal rainfall by months for Olympia is given in Table 4. 


It is not believed that proximity of the test sites to salt water con- 
tributed greatly to the corrosiveness of the atmosphere. Coal is not 
burned extensively in Olympia, and the atmosphere, presumably, is 
relatively free from sulfurous acid. The oecurrence of showers frequently 
throughout the year, however, is believed to result in a condition that 
is conducive to the corrosion of steel. 


TABLE 4—MONTHLY AVERAGE RAINFALL FOR OLYMPIA AND VICINITY* 


January 7.96 in, July 0.64 in, 
February 6,42 in. August 0.67 in, 
March 4.96 in, September 2.33 in, 
April 3,32 in, October 1.42 in. 
May 2.28 in. November 8.56 in, 
June 1.49 in, December 8.29 in, 

Total 51.34 in. 


*U. 8. Department of Commerce Weather Bureau climatological data 
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TEST RESULTS 


In November 1946 the blocks were removed from the rack and the 
reinforcing removed. In order to decrease the possibility of stretching 
and breaking the wires, a special V-shaped head was used in a testing 
machine to crack the blocks in the direction of the reinforcing. After 
the blocks had been cracked several times the wires could usually be 
removed with little difficulty. However, in the process of cracking the 
blocks some of the wires were broken due to lateral movement of the 
block. Before the blocks were cracked the widths of the cracks were 
checked and found, in nearly all cases, to be the same as when the blocks 
were placed under exposure. In one case, where the final width was 
radically different than the original, the results have not been included 
in the data. 


Considerable evidence of autogenous healing was noted op. the under 
side of the specimens, at the bottom of the V-shaped cracks. Many of 
those with a crack width of 0.005 in. were cemented rather firmly for 
the full depth of the crack. The reinforcement was found to be very 
close to its intended position at the midpoint in depth of the specimens. 


After removal, the wires and bars were examined under low magni- 
fication with a binocular microscope. All were found to be free from 
corrosion except for a short distance in the region of the crack in the 
concrete (Fig. 3 and 4.) Those shown are from 66 gal-per-sack concrete 
cracked to a surface width of 0.02 in. The length of the corroded area 
was measured on each specimen and the depth of corrosion was deter- 
mined with pointed micrometer calipers. Table 5 gives the results of 
these measurements. The extremely minor degree of corrosion is readily 
apparent. 


; 
nm 


Fig. 3—16 gage annealed Fig. 4—7 gage cold wires and ‘;-in. sq deformed bars 


wires 
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TABLE 5—LENGTH AND DEPTH OF CORROSION OF REINFORCING AFTER 
EXPOSURE 





l Length of cor- Depth of cor- 
| Crack | w/e, | rosion, in. rosion, in. 
Type of reinforcing | width, | gal ——————|———_ - 
in. | per sk max av max av 











Well graded aggregate 





Annealed wire 16 gage 0.005 44 0.35 0.29 — 

Annealed wire 16 gage 0.005 6% 0.30 0.22 0.011 0.006 
Annealed wire 16 gage 0.005 8l4 0.46 0.31 0.016 0.009 
Deformed bars 14 in. sq 0.005 614 0.60 0.46 ’ . 
Cold-drawn wire 7 gage 0.005 6% 0.60 0.41 0.007 0.002 
Annealed wire 16 gage 0.01 414 0.67 0.44 0.013 0.008 
Annealed wire 16 gage 0.01 6% 0.31 0.29 0.007 0.005 
Annealed wire 16 gage 0.01 84 0.54 0.35 0.006 0.004 
Deformed bars 14 in. sq 0.01 6% 0.85 a) -* . 
Cold-drawn wire 7 gage 0.01 6% 0.65 0.53 | 0.005 0.001 
Annealed wire 16 gage 0.02 414 0.48 0.36 0.009 0.008 
Annealed wire 16 gage 0.02 614 0.40 0.34 0.011 0.008 
Annealed wire 16 gage 0.02 814 0.45 0.33 0.010 0.008 
Deformed bars 4 in. sq 0.02 6% 1.30 0.81 . . 
Cold-drawn wire 7 gage 0.02 614 0.50 0.37 0.002 0.001 
Annealed wire 16 gage 0.05 4% 1.15 0.55 0.013 0.010 
Annealed wire 16 gage 0.05 614 0.48 0.39 0.007 0.006 
Annealed wire 16 gage 0.05 814 0.56 0.48 0.015 0.009 
Deformed bars 4 in. sq 0.05 614 1.10 0.73 . . 
Cold-drawn wire 7 gage 0.05 614 0.90 0.65 0.001 0.001 


Poorly graded aggregate 


Annealed wire 16 gage | 0.005 4% 0.40 0.28 0.013 0.009 
Annealed wire 16 gage 0.005 614 0.30 0.23 0.003 0.002 
Annealed wire 16 gage 0.005 844 0.80 0.40 0.006 0.005 
gag | 
Annealed wire 16 gage 0.01 414 0.60 0.42 0.009 0.006 
Annealed wire 16 gage 0.01 616 0.26 0.25 0.015 0.008 
Annealed wire 16 gage 0.01 8l4 0.90 0.42 0.009 0.006 
Annealed wire 16 gage 0.02 41% 0.36 0.31 0.010 0.007 
Annealed wire 16 gage 0.02 61% 0.32 0.27 0.006 0.004 
Annealed wire 16 gage 0.02 8&4 0.50 0.41 0.013 0.008 
Annealed wire 16 gage 0.05 | 4% | 0.90 | 061 | 0.012 0.009 
Annealed wire 16 gage 0.05 6% 0.58 0.47 0.009 0.007 
Annealed wire 16 gage 0.05 84 0.70 0.70 0.009 0.009 





*Not measurable, see text. 


The annealed wires were corroded to greater depth than the cold- 
drawn wires and the deformed bars to the least extent. The length of 
corroded area, however, was in the reverse order and, possibly, was 
related primarily to the size of the steel. 


In the region of the crack the annealed wires were found to be corroded 
relatively deeply and to have miniature tubercles. None was found to 
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be corroded to its full diameter. Wires which had been stretched and 
broken during removal still retained uncorroded centers. The cold- 
drawn wires were rusted slightly and had occasional small pits. The 
deformed bars: had small corroded areas with light rust and minor 
loosening of mill scale but were not pitted to a measurable degree. 


The annealed wires were corroded to rather uniform depth in the 
affected region without pronounced pitting. Values for depth of corrosion 
of these wires as given in Table 5 are one-half the reduction in un- 
corroded diameter. Values are omitted when the majority of the wires 
were stretched and broken during removal. Values for depth of corrosion 
of the cold-drawn wires are depths of the deepest pits. It was not possible 
to measure the depth of corrosion of the deformed bars because of its 
minor degree and the lack of precise uniformity in original cross section. 

In Table 6 the depth of corrosion of the annealed wires is summarized 
for the various crack widths and concrete mixes. These data show no 
definite trend with respect to width of crack or quality of concrete. 


TABLE 6—AVERAGE DEPTH OF CORROSION IN INCHES FOR 
VARIOUS CRACK WIDTHS AND CONCRETE MIXES 


16-gage annealed wires 


Well graded aggregate 


Crack width, in. 


w/c, gal per sk 0.005 0.01 0.02 0.05 av 

4... 0.008 0.008 0.010 0.009 
6%.. 0.006 0.005 0.008 0.006 0.006 
8l4.. 0.009 0.004 0.008 0.009 0.007 
Av 0.008 0.006 0.008 0.008 0.007 


Poorly graded aggregate 


4l4.. 0.009 0.006 0.007 0.009 0.008 

64.. 0.002 0.008 0.004 0.007 0.006 

8ly.. 0.005 0.006 0.008 0.009 0.007 

7S 0.005 0.007 0.006 0.008 0.007 
DISCUSSION 


The thickness of the concrete test specimens (2% in.) was intended 
primarily as a representation of reinforced concrete pipe. The results, 
however, may be applied in general to many forms of reinforced concrete. 

Weather conditions during exposure were not sufficiently severe to 
affect the integrity of the concrete itself to a serious degree. The results, 
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therefore, should not be considered as typical when the concrete suffers 
pronounced disintegration. 

It should be noted that the reinforcing was protected, except at the 
crack, by a minimum cover of 14% in. The results do not indicate to 
what extent corrosion would be increased by iess cover. It is a matter of 
rather common observation that reinforcing that is protected by covers 
in the neighborhood of \% in. frequently is corroded to such an extent 
that the concrete is split open by the pressure of the rust accumulation. 
The value of additional tests with reduced depths of cover is therefore 
indicated. 

During the first few years of exposure of the specimens reported in 
this paper, a few of the annealed wires were removed at intervals from 
blocks thought likely to permit the most rapid corrosion. These wires 
were found to have been corroded to substantially the same degree as 
those exposed for the entire ten-year period. It is indicated, therefore, 
that exposure for a few years would yield information nearly as conclusive 
as would longer exposure. 


CONCLUSIONS 


Under the conditions in which these tests were conducted, the de- 
velopment of occasional cracks of fairly large width in sound concrete 
does not promote serious corrosion of reinforcing steel. 

The quality of the surrounding concrete, is not a major factor in 
protecting the steel against corrosion provided the concrete is adequate 
to resist disintegration in the environment to which it is exposed. 
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Discussion of a paper by Bailey Tremper: 
The Corrosion of Reinforcing Steel in Cracked Concrete* 
By ALBERT WEINER and AUTHOR 


By ALBERT, WEINERT 


The treatment of corrosion of steel in concrete is excellent within the 
limits of the test. This communication is offered in the interests of 
presenting one of the rare instances of corrosion failure of reinforcement. 

In general, corrosion of steel is accelerated considerably when the 
following factors are present: 

(a) Access to oxygen and moisture. 
(b) The presence of salts. 
(c) The presence of dissimilar-metal couples. 

Several vears ago the writer had an opportunity to analyze the 
factors responsible for an extreme case of reinforcement corrosion. In 
this instance the steel had been so badly attacked that the increase in 
volume caused by the transformation to iron oxide had cracked the con- 
crete. Examination of the concrete disclosed it to be highly porous due 
to use of coral aggregate. The porosity of the concrete was about 26 
percent. In addition, the aggregate was suspected to have contained 
oceanic salts. Chemical analysis of the concrete disclosed the presence 
of chloride ion. The attack also appeared to involve the galvanized 
stirrups and tinned electrical conduit. The structure was located in a 
particularly warm and damp climate. 

The explanation offered for the failure was that (a) local gradients in 
salt concentration had established concentration cells along the rein- 
forcement, that (b) the presence of dissimilar metals had induced electro- 
lysis, that (c) the porosity of the concrete permitted ready availability 
of oxygen and moisture, and that (d) the hygroscopic nature of the oceanic 
salts and the subsequently formed ferric chloride had been responsible 
for the presence of sufficient moisture to permit electrolysis. All of these 


*ACI Journat, June 1947, Proc. V. 43, p. 1137. 
+Engineer (Materials), U. 8. Concrete and Soils Laboratory, Ithaca, N. Y. 
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factors encouraged the oxidation of the steel with the expansion and 
failure previously described. 


It must be admitted, however, that an attempt to reproduce the 
conditions of failure in the laboratory met with failure. Mortar test 
bars were fabricated with porous aggregate, salts, and steel inclusions. 
The mortar bars were kept in a humid atmosphere for more than a year. 
No significant volume change was observed. It is believed that the 
requirements for failure were not completely met in the mortar bars. 
Presumably a greater length and volume together with dissimilar-metal 
couples would have produced expansion. 


AUTHOR'S CLOSURE 


It appears entirely probable that in the case cited by Mr. Weiner, 
the presence of tin in the concrete was the primary cause of the corrosion 
of the reinforcing steel. It is not unlikely that a connection was present 
between the tinned conduit and the reinforcement either by actual con- 
tact or by tie wires. In the presence of salts and water an active galvanic 
couple would then be formed in which the steel would be attacked in 
preference to the tin. On the other hand, the zinc in the galvanized 
stirrups would not be expected to cause corrosion of the steel because of 
the relative position of the two metals in the electromotive series. 

It would appear in this case that corrosion preceded and caused the 
cracking of the concrete. There is no information to support the con- 
clusion that cracking, of itself, was responsible for the corrosion. 
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Job Problems and Practice 


In JPP many Members may participate in few pages. So, if you have 
a question, ask it. If an answer is of likely general interest, it will be 
briefed here (with authorship credit unless the contributor prefers not). 
But don't wait for a question. If you know of a concrete problem solved 
—in field, laboratory, factory, or office—or if you are moved to con- 
structive comment or criticism, obey the impulse; jot it down for JPP. 
Remember these pages are for ielosiead and sometimes tentative frag- 
ments—not the ‘‘copper-riveted’’ conclusiveness of formal treatises. 
“Answers” to questions do not carry ACI authority; they represent the 
efforts of Members to add their bits to the sum of ACI TF sans Ga nowledge 
of concrete ‘‘know-how.”” 


Panel Radiant Heating in Hospitals (43-184) 
By GEORGE D. LAIN* 


Some idea as to the extent of the use of panel heating in hospitals is 
given in an analysis of the types of buildings using it by F. W. Hutchinson 
of the University of California at that time. The number of panel radiant 
heat installations (Crittall Patents) to 1938 (Hot Water Sinuous Pipe 
Coils Only) in hospitals was 193. Of these 116 were in England, 32 in 
France, 12 in Italy, 10 in Switzerland, 8 in Holland, and 1 in the U.S. A. 
The balance was scattered to a large extent in European countries. 


Concerning the use of this type of heating in hospitals and schools, 
Professor Hutchinson comments as follows: ‘‘With hospitals and schools, 
an important advantage is the possible reduction in ventilation heating 
load. High ventilation rates are commonly used in such structures and 
hence a marked economy would be expected from a 5 to 7F reduction in 
air temperature. More important, however, is the fact that panel heating 
provides an effective means of establishing comfort while retaining the 
advantage of an open air environment. In some hospitals, panel heated 
wards are completely open to the atmosphere on one or more sides. 
Authorities at the Winford Orthopaedic Hospital in London state that 
their patients are comfortable in such wards even when the inside air 
temperature is as low as 53F (with an outside temperature below 
freezing).”’ 


—_ 
*Research Engineer, Committee of Steel Pipe Research, American Iron and Steel Institute. 
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Number one of a series of Heating and Ventilating’s Reference See- 
tions deals with radiant heating. In regard to maintenance of such 
systems, it states: ‘In 1938 the British Hospitals Association sponsored 
an investigation to determine the relative cost of upkeep and main- 
tenance of panel and radiator systems. The panel system maintenance 
problems considered were: (1) Liability to cracking of the plaster; (2) 
Difficulty of locating and repairing leaks if they occur; and (3) Damage 
caused by such leaks. The investigation covered forty-two hospitals. 
Excerpts from the final report are given below. 


“In the majority of buildings visited no cracks at all were visible—in 
certain instances cracks were discovered by close scrutiny, but these were 
confined to the skin of the paint or distemper 


“In all hospitals visted no repairs of any kind had been required to 
any embedded panels or steel piping, nor had any leaks occurred. It is 
considered that objections (2) and (3) have no foundation in actual ex- 
perience—nor is there reason to anticipate failure through external or 
internal corrosion or obstruction from deposits in the pipes.”’ 


The above reference section contains the following paragraph in con- 
nection with maintenance: ‘The most striking demonstration of the 
practicability of embedded panels from the corrosion and erosion stand- 
point is in the evidence presented by thirty years of successful operation 
of such a system in a ten-story English office building: over 50,000 oxy- 
acetylene welds were cast in concrete, yet no trouble from leaks has been 
reported and a recent investigation showed that the pipe is in excellent 
condition. The exterior of embedded coils is obviously not subject to 


any greater danger of corrosion than are bars of reinforcing; interior 


corrosion is limited by the small amount of oxygen which enters the 
the system in the makeup.”’ 

The Committee on Reinforced Concrete Research of the American 
Iron and Steel Institute has data to show that steel reinforcing bars 
removed after years of service are not corroded and exhibit a bright 
surface. 

In the same reference section mentioned above the following panel 
heating installations are listed: 


(1) Blodgett Memorial Hospital, Grand Rapids, Michigan. Installed 
in 1938 in an operating room 12 * 17 X 10 ft high. 


(2) Metropolitan State Hospital, Waltham, Massachusetts. ‘Tuber- 
cular wing, top floor only, radiant heated in 1935, operating suite 
in 1932. Cost of ceiling radiant heating for these top floor wings 
was $20,000. Lower two floors heated with forced warm air, cost- 
ing $71,000. A Wolff and Munier Inc. system. 
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(3) Phipps Psychiatrie Clinic—Johns Hopkins Hospital, Baltimore, 
Md. Project reported, but no information available. 


(4) Eiel Clinic, Osage, Iowa. Consists of continuous sinuous coils 
laid in gravel. After the coils were in place a concrete slab for the 
floor was poured on top. 


In addition to the use of panel heating systems for heating hospital 
buildings, consideration should be given to the application of this prin- 
ciple to snow melting for walks, driveways and ambulance loading and 
unloading areas where snow and ice may present a problem. 


Differences in Characteristics of Concrete in the Wet and the Dry State 
(43-179)* 


By RUTH D. TERZAGHIT 


INTRODUCTION 


In his recent communication, F. L. Fitzpatrick* presented data 
showing that the bursting pressure of saturated reinforced concrete pipe 
is notably higher than that of pipe tested in a dry state. He raised the 
question as to whether the superior performance of the saturated pipe 
is due to its prestressed condition or to its lower modulus of elasticity 
which, he suggested, would enable “the concrete to stretch substantially”’ 
and to throw “‘a greater stress upon the reinforcing steel.”’ 


In regard to the supposed favorable effect of the lower modulus of 
elasticity of saturated concrete, it may be pointed out that the state of 
stress in the steel at the time of failure of the concrete is determined by 
the total extension of the steel, which in turn depends on the total ex- 
tension of the concrete at rupture. The writer knows of no data which 
indicate that such extension increases with decreasing modulus of elas- 
ticity. Indeed, if we follow Mr. Fitzpatrick in assuming that saturation 
of dry concrete decreases both the tensile strength and the modulus of 
elasticity by approximately 20 percent, the extension of saturated con- 
crete at rupture is the same as that of dry concrete, provided that the 
curves representing the stress-strain relationship are similar for con- 
crete in the two states. On the other hand, on account of the volume 
changes associated with curing and with subsequent exposure to the 
atmosphere, both saturated and dry pipe are almost inevitably pre- 
stressed, and the difference between the states of initial stress corres- 
ponding to the saturated and to the dry condition appears fully adequate 
to account for the superior performance of saturated pipe. This con- 


*See ACI Jounnar, Nov. 1046, Proc. V. 43, p. 339 
t3 Robinson Circle, Winchester, Mass 
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clusion is based on the results of a simple computation presented in the 
following paragraphs. 


ESTIMATE OF STRESSES IN SATURATED AND IN DRY PIPE 


If concrete pipe is cured in the presence of abundant moisture, the 
dimensions of the concrete increase and the reinforcing steel is stretched, 
as shown diagrammatically in Fig. la. While the concrete is being 
cured, the walls of the pipe are not acted upon by external forces. There- 
fore, the total tensile stress in the steel must be equal to the total com- 
pressive stress in the concrete. This compressive stress prevents a part 
of the expansion which would take place in unrestrained con¢rete. For 
the purposes of the computation, it will be assumed that the total ex- 
tension of the steel in such pipe, at the time of rupture, is equal to the sum 
of the linear expansion of unrestrained concrete during curing, with 
reference to the cast length, plus the extension of the concrete due to the 
tensile stress which leads to rupture, as shown in Fig. la. 

If the pipe is allowed to dry, shrinkage takes place. Under some 
conditions, the dimensions of the pipe may become smaller than the 
original dimensions. In this case, the reinforcement is compressed 
(shortened) and the corresponding tension in the concrete prevents a 
part of the contraction which would take place in unrestrained concrete 
(see Fig. 1b). If such pipe is tested by subjecting it to internal hydro- 
static pressure, the total elongation of the steel at the time of rupture 
may be slight; as indicated diagrammatically in Fig. 1b, it is assumed 
equal to the elongation at rupture of unrestrained concrete, less the 
drying contraction of unrestrained concrete. 

In order to determine the state of pre-stress in concrete pipe and its 
bursting strength in a dry and in a saturated condition, we must know 
the dimensions of the pipe, the amount of reinforcing steel which it 
contains, the tensile strength of the concrete, its extension at rupture, 
and the unit linear contraction and unit linear expansion associated 
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with drying and saturation respectively. The necessary data are given 
in the following paragraphs. 


The wall thickness of the pipe discussed by Mr. Fitzpatrick is 1.50 in., 
and the area of cross section of reinforcement is 0.05 sq in. per in. of length 
of pipe, or 1/29 of the area of cross section of the concrete. The internal 
diameter of the pipe is 15 in. The circumferential stress per in. of length 
of pipe (pressure in water times radius of pipe) is therefore equal to the 
algebraic sum of the total stress in the concrete per in. of length of pipe 
(1.45 times unit stress in concrete) and the total stress in the steel per 
in. of length of pipe (0.05 times unit ‘stress in steel). When the circum- 
ferential stress due to the water pressure is equal to zero, the unit stress 
in the concrete is equal to 29 times the unit stress in the steel, and of the 
opposite kind. 


The tensile strength of dry concrete is assumed equal to 500 psi; in 
accordance with Mr. Fitzpatrick’s estimate that the tensile strength of 
saturated concrete is 20 percent less than that of dry concrete, the ten- 
sile strength of the saturated concrete will be assumed equal to 400 psi. 
If the modulus of elasticity of the concrete is 5,000,000 in the dry state 
and 4,000,000 in the saturated state, as estimated by Mr. Fitzpatrick, 
and the stress-strain relation is approximately linear, the total unit 
extension at failure is 0.0001 for both saturated and dry concrete. 


The magnitude of the change of length of unrestrained concrete, 
accompanying both drying and saturation, varies appreciably with 
many factors, including method of curing and length of curing period, 
mix, type of aggregate and chemical composition of the cement. Since 
the data presented by Mr. Fitzpatrick do not include information on 
any of these factors, we may make the arbitrary but conservative as- 
sumption that the unit linear shortening of the unrestrained concrete 
due to drying is 0.00008 and the unit linear expansion of the saturated 
concrete is 0.0001, both values referred to the cast length. 


On the basis of the estimated and assumed values discussed in the 
foregoing paragraphs, the values of stress and strain given in Table 1 
have been computed. It will be noted that the values for total ‘stress 
at rupture are close to the values observed by Mr. Fitzpatrick, and a 
slight change in one or more of the estimated or assumed values would 
render the computed value of the stress identical with the observed 
value. 


CONCLUSIONS 


In view of the important influence of volume changes of the concrete 
prior to testing on the bursting strength of reinforced concrete pipe, it 
would seem worthwhile to take every precaution to insure that the 
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TABLE 1—STRESS AND STRAIN IN REINFORCED CONCRETE PIPE IN 


SATURATED AND IN DRY STATES 


State 
Saturated Dry 

NS TEE IE LEE ISIE Re 4,000,000 5,000,000 
Unit elongation at rupture, unreinforced concrete........... 0.0001 0.0001 
Unit difference between cast length and final length of unre- 

strained concrete identical with that used in pipe... .. +0.0001 —0.00008 
Unit strain of reinforcing steel at beginning of test........ +0.000080 —0.000066 
Unit strain in reinforced concrete at beginning of test (equals 

difference between unit length of reinforced and unreinforced 

I tN EE aces ows —0.000020 +0.000014 


Unit stress in steel at beginning of test, psi. . — 2400 +2000 
Unit stress in concrete at beginning of test, psi. +83 —69 
Total unit strain of steel at rupture of concrete. +-0.0002 +0.00002 
Unit stress in steel at rupture of concrete, psi... . . — 6000 — 600 
Unit stress in concrete at rupture, psi..................... — 400 ~500 
Total stress in steel per in. of le ength of pipe (0.05 X unit stress), 

a cara orc oC kad knw siecceees —300 —30 
Total stress in concrete per in. of length of pipe (1.45 X unit 

RES ONS AE AES SG ae Oy rr — 580 725 
Total stress in pipe at rupture, estimated.................. — 880 ~755 
Total stress in pipe at rupture, observed........... —877 —712 


dimensions of the pipe under service conditions are always in excess of 
the original dimensions. Foremost among such precautions may be men- 
tioned a long period of wet curing. Another precaution which may be 
taken under certain circumstances is the selection of a cement which is 
characterized by the maximum expansion compatible with soundness 
and by minimum drying shrinkage. According to the results of cement 
investigations for Boulder Dam*, mortar prepared with 
characterized by a relatively high percentage of tricalcium aluminate 
will, in general, expand much more during immersion and contract 
less on drying than those made with other cements. With adequate 
curing, reinforced concrete pipe prepared with such cement should, 
other things being equal, have a higher bursting strength than that pre- 
pared with cement containing only a small percentage of 
aluminate. The durability of such pipe with respect to chemical attack 
would, however, probably be low, and it would therefore be unwise to 
use a cement high in tricalcium aluminate for pipe which might be ex- 
posed to severe conditions. 


cements 


tricalcium 


A further possibility which merits consideration is the use of an ex- 
panding cement, such as that described by Lossierf. 
portland cement with an admixture of calcium sulphoaluminate, tetra- 
calcium aluminate and a third substance whose nature is not revealed. 
According to Lossier, the rate and amount of expansion of concrete pre- 


This consists of 


*Raymond E. Davis, Wilson C. Hanna, and Elwood H. 
Dam—Results of Tests on Mortars up to Age of Ten Years.’ 
21. 

tHenry Lossier, ‘‘ Expanding Cements and Their Application,’’ Le Genie Civil, V. 121 (1944) p. 61, 
viewed ACI Journat, Sent 1946, p. 94. See also review of Lossier’s more recent publications, 
. 43, p. 1074. 


“Cement Investigations for Boulder 
Sept. 1946, Proc. V. 43, p. 
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pared with this cement can be accurately regulated by varying the 
nature and the quantity of admixture. The maximum obtainable ex- 
pansion of neat paste is 5 percent. Lossier notes that the sulfate re- 
sistance of the expanding cement is low, and concrete made with it would 
therefore be unsuitable for use in some localities. 
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Simplified calculation of beam deflections 
8. Crtryn, Concrete and Constructional Engineering, (London) Vol. 42, No. 2, 


Feb. 1947, pp. 37-48 Reviewed by GLENN Murpuy 

The author presents a series of charts for the calculation of the deflection of a beam 
of constant cross section. A number of load conditions are considered so that by the 
principle of super-position virtually any of the usual combinations of loading may be 
considered. 


Retaining walls constructed with bored piles 


Concrete and Constructional Engineering, (London) Vol. 42, No. 2, Feb. 1947, 
pp. 61-63 Reviewed by GLENN Murpuy 
The use of bored piles in the construction of retaining walls is described briefly. 
One project involved the construction of a press pit over 100 ft long and about 60 ft 
wide with a depth ranging from 9 ft to 16 ft. The piles were placed in stratified foun- 
dation material consisting of loam, clay and silt. Another project described consists 
of a pit 35 ft in diameter to be used as the foundation of a heavy power hammer. 


Chart for estimating the cost and quantities of materials for concrete 
Concrete and Constructional Engineering, (London) Vol. 42, No. 2, Feb. 1947, 
pp. 64-65 Reviewed by GLENN Murpuy 
This set of charts prepared by J. L. Chapman was designed to facilitate estimating 
the cost of materials in a cu yd of concrete of usual proportions and to estimate the 
approximate quantities of cement, coarse aggregate and fine aggregate required in a 
finished cu yd of concrete. The curves apply to normal aggregates. A similar set of 
curves based on the American monetary system could be developed for the aid of 
engineers in this country. 


Steel forms speed construction of long bridge approach 
Engineering News-Record, Vol. 138, No. 14 (April 3, 1947), pp. 91-93 Reviewed by 8. J. CHAMBERLIN 


The approach to a highway bridge in South Carolina is made up of 135 similar 30-ft. 
reinforced concrete deck-and-girder spans supported on 4-pile bents. Steel forms were 
used for precasting 18 X 18-in. piles at the site, for forming pile caps and for casting 
the deck in place. Forms for the deck were made up of all-welded sections 18 in. wide, 
and were either placed individually or joined in sections of four or five and placed as 
a unit. A 21-in. I-beam, suspended from pile caps, was installed under each of the 
four lines of girders to support the deck forms. 
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A comparison of partially and fully prestressed concrete beams 
Concrete and Constructional Engineering, (London) Vol. 42, No. 1, Jan. 1947, 
pp. 10-15 Reviewed by GLENN Murpny 
This paper reports on a series of tests of reinforced concrete beams made by Prof. 
G. Magnel at Ghent University. The tests are unique in that part of the reinforcing 
is prestressed and part of it is unstressed in some of the beams. Tests were conducted 
on T-beams having an over-all depth of 311% in., a width of T equal to 15%4 in., and 
a width of stem equal to 6 in. The beams were reinforced with two longitudinal rods 
in the top of the T and a ‘cable containing several wires as tensile reinforcement. Con- 
centrated loads were applied at the center of a 9-ft 10-in. span. Results of tests on 
individual beams are discussed. 


New road bridge at Luzancy, France 
Concrete and Constructional Engineering, (London) Vol. 42, No. 1, Jan. 1947, 
pp. 17-20 Reviewed by GLENN Murpnuy 
The reinforced concrete bridge designed by M. Freyssinet to replace the road bridge 
over the Marne at Luzancy is described. The bridge has a span of 180 ft, a width of 
26 ft between parapets, and carries a 19-ft 6-in. roadway and two foot paths. The 
structure has three main girders of cellular cross section, each consisting of 22 precast 
hollow reinforced concrete blocks held together by prestressed cables. The girders 
were prefabricated and prestressed on the river bank, and their erection required no 
falsework in the river. Construction and design details are included. Vibrated con- 
crete having a cube strength of 7250 psi at three months was used. The design stress 
was 1850 psi in the concrete. 


Bending moments in members of varying section—Part 1 
L. S. Muuuer, Concrete and Constructional Engineering, (London) Vol. 42, No. 1, Jan. 1947, 
pp. 3-10 Reviewed by GLENN MuRpxHY 
As the author states, the objective of this article is to derive a series of correction 
factors by the simple application of which bending moments calculated on the assump- 
tion of uniform moment of inertia throughout can be adjusted to allow for variation in 
the beam or column section. Special correction factors for the fixed point method or the 
moment distribution method can be readily derived from the results. The treatment 
is limited to members with linear haunches at the supports but may be extended to 
include parabolic soffits. Correction factors are tabulated for one, two or three sym- 
metrical concentrated loads, for a moment at one support or for uniform load. 


Bending moments in members of varying section——Part 2 


L. 8S. Muuuer, Concrete and Constructional Engineering, (London) Vol. 42, No. 2 


a 


Feb. 1947, pp. 51-59 Reviewed by GLENN Murpuy 


In the second installment of his paper the author discusses the application of the 
correction factors to the solution of beams by the fixed-point method. He also shows 
the application of his correction factors to the determination of fixed-end moments 
and carry-over factors for the moment distribution method. Tables of fixed-end 
moments, stiffness and carry-over factors are given. 


Pneumatic concrete placers speed lining of small tunnels 
Engineering News-Record, Vol. 138, No. 14 (April 3, 1947), pp. 68-70 
Reviewed by 8S. J. CHAMBERLIN 
Equipment for lining four tunnels of the San Diego Aqueduct included several 114-cu 
yd placers, an elevated track or “pass-over”’, an air tank and enough 6-in. discharge 
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pipe to extend through the “pass-over”, above the air receiver, and some 200 ft into 
the space above the forms. Concrete drops by gravity through the conical shaped 
bottom of the placer and is forced through the pipe by compressed air coming in around 
a hand-operated special needle valve. The turnip-shaped valve, spherically seated, 
is designed to thoroughly disseminate air through the entire charge of concrete as it 
falls into the chamber. Concrete can be agitated enroute in the placers but it was not 
thought necessary because air-entraining cement was used. As each placer is dis- 
charged it is pushed ahead on to the “pass-over’” which straddles the discharge pipe. 
As the forms are filled, the whole unit slowly backs away. 


Secondary roads paved with soil-cement 
Engineering News-Record, Vol. 138, No. 14 (April 3, 1947), pp. 64-67 
Reviewed by 8S. J. CHAMBERLIN 

Improvement of a large mileage of secondary roads (less than 400 vehicles per day) 
in North Carolina calls for construction of a 6-in. thick soil-cement base followed by 
bituminous surface treatment or addition of a top of sand asphalt. The bagged 
cement, to furnish 8 to 12 percent by volume depending on the soil, is ordinarily spotted 
and roughly spread by hand although one contractor tried using bulk cement in a 
truck equipped with a special spreader. Most of the mixing is done with tractor- 
drawn rotary tillers. The base is scarified before application of the cement, followed 
by gang plows and heavy duty cultivators. Any additional water required to bring 
the mixture up to a water content of 15 to 30 percent is added by several passes of a 
pressure distributor. A self-propelled mixer that scarifies and mixes the material for 
the full 6-in. depth in a single passage has also been used. The machine consists of 
four chain-driven shafts, the first scarifies the base material, the second blends the 
cement and soil, and the two back of the spray bars act as a pug mill. Compaction 
is accomplished by sheepsfoot rollers followed by pneumatic tired rollers. Patrol 
graders are used to shape the roadway and give a smooth surface. In all cases it is 
required that a section be finished the same day it is started. The top of the base is 
kept moist for 72 hours. Cost of the base averages $0.75 per sq yd while the surface 
treatment costs from $0.32 to $0.35 per sq yd. 


Report of committee on highway organization and administration including summary of 
aims and activities and special papers 
Highway Research Board Bulletin No. 3, March 1947 


This summary of the functions, objectives, and accomplishments of the Committee 
on Highway Organization and Administration has been prepared to acquaint interested 
persons and organizations with the activities of the committee and to invite suggestions 
and comments concerning its work. The committee has selected and approved for 
study the following subjects: 

1. A study of administrative bodies of State highway departments, 

2. A study of highway departments’ organic structures, 

3. A study of existing civil service, merit, pension and retirement systems under 
which State highway departments operate. 

4. A study of existing relationships between the states and local rural road and 
city street authorities, 

5. A study of salary and wage practices of highway departments of state and local 
units. 


Further details concerning the nature of these studies and the progress made during 
the year are included in the Bulletin. 
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The Bulletin also contains two special papers. The one entitled, “State Highway 
Administrative Organizations” is an analytical report of existing State highway ad- 
ministrative organizations. The other paper entitled, “Research in County and Local 
Road Administration,” outlines desirable research and suggests new fields for research 
in local rural road administration. 


The committee believes that the importance of research in this field is so great 
that increased attention must be given to improve administrative practices and policies. 
Sound research will hasten the progress. 


Study of joints in concrete pavements 


8. Grertrz-Hepsrrom, Svenska Forsknings-Institutet for Cement och Betong vid Kungl, Tekniska Heg- 
skolan i Stockholm, Proceedings No. 6, 1946 Hicuway Researcu ABSTRACTS 

The activities of the Swedish Cement and Concrete Research Institute at the Royal 
Technical University, Stockholm are briefly reported for the year ending 30 June 1945. 
A brief account is included of research recently begun on the design of concrete slabs 
for roads and runways and into the static behavior of various types of joints. In the 
design of concrete runways, the application of the theory of floating plates is normally 
used. This theory assumes an affinity between the configurations of slab deformation 
and of the soil reaction distribution. It is considered to be more accurate to regard 
the soil as a semi-infinite elastic medium having well defined elasticity constants. Cal- 
culations based on this theory have been made for a finite circular plate subjected to 
a local concentrated load applied at the center. To check these theories, preparations 
have been made for large-scale experiments at the proposed Vasby airport. The pro- 
perties of various types of joints have been studied from the point of view of deforma- 
tion and transmission of force under static load. The tests showed that well-designed 
construction joints, provided with dowels alone, equal or excel similar joints of the 
tongue-and-groove variety in this respect. (Note:—In a paper entitled “Circular plates 
with concentrated load on an elastic foundation” issued by the Institute as Meddelande 
No. 6, 8. G. Bergstrom expounds the method referred to above of calculating the stresses 
in a circular plate of finite size supported by a semi-infinite elastic body and subjected 
to an axially symmetrical, uniformly distributed load. The soil reaction, the maximum 
moment and the deflection at the center of the plate are plotted for varying ratios of 
the flexural rigidity of the plate to that of the elastic body and of the radius of the 
loaded area to that of the plate. An example is given to illustrate the application of 
this method to the computation of the principal tensile stresses set up in the soil.) 
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Current ACI Standards 
(As of December, 1947) 


Listed below are ACI standards in effect at the time the closing 
portions of Proceedings V. 43 are published in the ACI JourNAL, Part 2 
December 1947: 


Building Code Requirements for Reinforced Concrete (ACI 318-47) 


ACI Journat, Sept. 1947, Proc. V. 44, pp. 1-64. In separate covers $0.50; to 
ACI Members $0.40. 


Minimum Standard Requirements for Precast Concrete Floor Units 
(ACI 711-46) 


ACI Journat, Oct. 1946, Proc. V. 43, pp. 133-148. In separate covers $0.50; to 
ACI Members $0.40. 


Recommended Practice for the Construction of Concrete Farm Silos 
(ACI 714-46) 


ACI Journat, Oct. 1946, Proc. V. 43, pp. 149-164. In separate covers $0.50; to 
ACI Members $0.40. 


Recommended Practice for the Design of Concrete Mixes (ACI 613-44) 


ACI Journat, June 1945, Proc. V. 41, pp. 651-672. In separate covers $0.50; to 
ACI Members $0.40. Also available in a Spanish edition: ‘‘Normas Practicas 
Recomendadas Por el ACI Para Proyectar Mezclas de Hormigon (ACI 613-44).” 
In separate covers $0.50. 


Specifications for Cast Stone (ACI 704-44). 


ACI Journat, June 1945, Proc. V. 41, pp. 701-704. In separate prints $0.35. 


Specifications for Concrete Pavements and Bases (ACI 617-44). 


ACI Journa., June 1945, Proc. V. 41, pp. 673-700. In separate covers $0.50; to 
ACI Members $0.40. 


Recommended Practice for Measuring, Mixing and Placing Concrete 
(ACI 614-42). 


ACI Journa., June 1945, Proc. V. 41, pp. 625-650. In separate covers $0.50; to 
ACI Members $0.40. 


Recommended Practice’ for the Use of Metal Supports for Reinforce- 
ment (ACI 319-42). 


ACI Journa, June 1945, Proc. V. 41, pp. 621-624. In separate prints $0.35. 
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Recent Proposed ACI Standards 
(As of December, 1947) 


Listed below are proposed ACI Standards which have not yet been 
adopted by the Institute. They have been published for information 
and for discussion before being presented to the Institute membership 
for adoption: 


Proposed Manual of Standard Practice for Detailing Reinforced Concrete 
Structures. 
Reported by ACI Committee 315. Not adaptable to Journal presentation,’ this 
is a separate publication of large format bound to lie flat. It presents typical 
engineering and placing drawings with discussion calling attention to important 
considerations in designing practice. 55 pages, $3.00; to ACI Members_ $1.75 
(Distributed to ACI Members in July 1946). 


The Nature of Portland Cement Paints and Proposed Recommended 
Practice for Their Application to Concrete Surfaces. 


Reported by Committee 616, ACI Journat, June 1942, Proc. V. 38, pp. 485-504. 
In separate prints $0.35. 


Proposed Recommended Stresses for Unreinforced Concrete. 


Reported by Committee 322, ACI Journat, Nov. 1942, Proc. V. 39, pp. 93-96. 
In separate prints $0.35. 


Proposed Recommended Practice for Winter Concreting Methods. 


Reported by Committee 604, ACI Journat, Dec. 1947, Proc. V. 44, pp. 309-328. 
In separate prints $0.35. 
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Southeastern District AC! meeting planned 





A southeastern district meeting of the Institute in Birmingham early 
in October is being planned by a special committee under the chairman- 
ship of H. P. Bigler, regional director of the 4th District. A technical 
program of one or possibly two days is proposed. The Birmingham 
meeting, held in conjunction with the fall meeting of the Board of 
Direction, will be the first in that immediate vicinity and will offer an 
opportunity for personal contacts with fellow Members and other 
“concreteers” in connection with an interesting technical program—an 
opportunity not often available to Members in that area without a long 
trip to an annual convention. 

The exact dates will be the subject of a notice distributed by a special 
mailing. 

The Board of Direction is receptive to suggestions for other fall meet- 
ings in areas where well organized local groups could undertake the 





development and support of a brief technical program. 





44th Annual Convention, Denver, 
Feb. 23-26, 1948 

A local committee, headed by E. W. 
Thorson, is actively preparing for a great 
convention next February in Denver. 
There will be the usual number of techni- 
eal sessions; the subject matter of these 
the responsibility of the Technical 
Activities Committee to provide a well 


balanced, interesting and timely program. 





Giant concrete core fails under 2 million Ib 
load 


A visit to the extensive Bureau of 
Reclamation laboratories is to be a part 
of the interesting program now] being 
planned by the local committee. These 


laboratories, now in new quarters at 
Denver Federal Center, have made 
important contributions to advances in 
concrete design, control and construction, 
and an inspection of their diversified 
activities is expected to be one of the 
highlights of next year’s convention. In 
the picture opposite a 22- by 44-in. con- 
crete core fails under a load of 2,000,000 
lb in one of the tests made in a program 
conducted by the Bureau to determine 
the long-time development of strength 
and elasticity in mass concrete. 

The Membership drive by the western 
group in connection with preparations for 
the convention has resulted in 70 appli- 
cations received bearing the number 
“13” designating the efforts of that group 


Membership gains 

In May, 126 applications for Member- 
ship were received, which, if approved by 
the Board of Direction will result in 126 
new Members, a net gain of 111 for June 
after taking into consideration losses by 
death, resignation and for non-payment 
of dues. With this addition the member- 
ship total as of June 1 would be 3452 
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WHO'S WHO in this JOURNAL 





G. E. Burnett and A. L. Fowler 

are co-authors of the paper ‘Painting 
Exterior Concrete Surfaces with Special 
Reference to Pretreatment’? appearing on 
p. 1077 of this JourNAL. 

An ACI Member since 1940 and chair- 
ACI Committee 616, Recom- 
mended Practice for the Application of 
Paint to Concrete Surfaces, Mr. Burnett 
has been associated with the U. 5. Bureau 
of Reclamation research laboratories since 
1936 and is presently head of the paints 
and oils laboratory of the same organi- 


man of 


zation. His previous experience was in 
the research laboratory of the Standard 
Oil Company of New Jersey in a refinery 
at Aruba, N.W.I. 

Mr. 
paint at the National Bureau of Stand- 
1936. During World War II 
he was in charge of the U. 8. Navy's 
paint research laboratory at Mare Island 
Navy Yard. 1944 he has 


with the Bureau of Reclamation research 


Fowler began his research with 


ards in 


Since been 
laboratories. 

Mr. Burnett 
the 43rd annual convention in Cincinnati 
last February. 


presented the paper at 


T. C. Powers 


prepared his paper “Some Observations 
on Using Theoretical Research” (p. 1089) 
at the 


Treasurer for the 43rd annual convention 


suggestion of the Secretary- 


program to point out the practical 
significance of the paper* then running 
serially in the JourNAL. He has done 
an excellent job; his brief discussion is 
good reading and is applicable to all 


theoretical research. 


Mr. Powers is Manager of Basic 
Research of the Portland Cement Asso- 


ciation and has been a member of the 
P.C.A. 
joined it as associate engineer following 


research staff since 1930 when he 


*Studies of the Physical Properties of Hardened 
Portland Cement Paste,’’ Parts 1-9 ACI, JourNat, 
Oct. 1946-Apr. 1947, Proc. V. 43. 


several years experience in the concrete 
testing field. 

He has been an 
1927, 


and 


ACI Member since 
twice a Wason Research Medalist 
is a frequent 
JOURNAL. 


contributor to the 
He is a member of Committees 
212, Admixtures and 611, Inspection of 
Concrete. 


Arsham Amirikian 


author of the “Precast Concrete 


1097) 


paper 
Warehouses” (p. 


which was pre- 
sented at the ACI convention § in 
Cincinnati, is also author of “Some 


Problems in Structural Framing of Pre- 
cast Concrete Houses’”’ in the March 1947 
JOURNAL, chairman of ACI Com- 
mittee 324, Precast Reinforced Concrete 
frequent JOURNAL 
contributor he needs no introduction here. 


and 


Structures. As a 


Louis P. Corbetta 


author of ‘Precast Warehouse 
secretary of 
Inc. of 
Mr. Corbetta and his 
toger H., founded their 
struction business in 1922 and since then 


Concrete 
Construction” (p. 1117) is 
the Corbetta Construction Co., 
New York City. 
brother, con- 
have specialized in structures predomi- 
nantly of The unusual and 
difficult concrete construction problem has 


concrete, 


always been attractive to their company. 
The urge to pioneer is reflected in this 


partial list of some of their more 
spectacular jobs: 

Thin shell hangars of 160 ft spans 
built during World War II; a twin 
barrelled hangar for American Airlines 


at Chicago now under construction with 
254 ft 


average 


clear spans and shells of 5 in. 
thickness; underground ammu- 
nition and 
the company during the war 
using a thin 6 in. dome instead of the 


usual 


magazines designed 


storage 
built by 
semi-circular arch type—resulting 
savings were almost 30 percent in materials 


and more in cost; concrete landing craft 
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for tanks (LCT) built and successfully 
used by the Navy during the war; the 
bridge decks on George Washington 
Bridge over Hudson River, the Bronx- 
Whitestone Bridge, Triborough Bridge 
and Henry Hudson span all of which 
required durable concrete; multi-family 
apartments with concrete skeletons up 
to 14 stories high with concrete ceilings, 
ready for paint and floors finished ready 
for asphalt tile. The Mechanicsburg job, 
subject of this JourNAL paper, which was 
presented at the Cincinnati convention, 
has convinced the author that the multi- 
family apartment house field is now 
ready for the application of the structural 
precast concrete technique. 


The Corbetta brothers are both ACI 


Members: Louis P. since 1946 and Roger 


H. since 1941. 


S. T. Collier 


author of ‘Bond Characteristics of Com- 
mercial and Prepared Reinforcing Bars’’ 
(p. 1125) is Materials Engineer, Kentucky 
Dept. of Highways. His paper was 
presented at the 43rd annual ACI con- 
vention, Cincinnati by L. E. Gregg, 
Associate Research Engineer, also of the 
Kentucky Dept. of Highways. 


Bailey Tremper 
member of the Institute as representative 
of the Washington State Highway Depart- 
ment, Olympia, Wash., is well known to 
Journal readers, Of 
published in recent years on aggregate- 
alkali reaction, his most recent was 
“The Effect of Alkalies in Portland 
Cement on the Durability of Concrete’’, 
Nov. 1944 JournaL. His present paper, 
“The Corrosion of Reinforcing Steel in 
Cracked Concrete’, 


several papers 


appears on p. 1137, 

Mr. Tremper was graduated from the 
University of Washington, Seattle, in 
chemical engineering in 1914 and became 
assistant chemist for the Superior Portland 
Cement Co., Inc., Concrete, Wash. where 
he served until his enlistment in World 
War I in the Chemical Warfare Service. 
Upon return to civilian life he became 
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chief chemist for the Superior Portland 
Cement Co. and in 1921 joined the staff 
of the Washington Department of High- 
ways where he is presently Materials and 
Research [ngineer. 





New Members 





The Board of Direction approved 103 
applications (78 Individual, 5 Corporation, 
t Junior, 16 Students) received in April, 

The Membership total on May l, 
1947, after adjustment for a few losses by 
death, resignation and for non-payment 
of dues, is 3341. 


Individual Members 

Albertson, C. Mack, c/o Lock Joint Pipe 
Co., P. O. Box 13, Rock Island, Ill. 

Alkins, Budd A., 8 Bathurst St., Toronto, 
Ont. 

Anderson, Walter W., c/o O. CC, C 
N.O,. T.8., Inyokern, Calif. 

Avery, ©, Kenneth, 1101 Francis Palms 
Bldg., Detroit, Mich. 

Baskin, Benjamin J., 1505 Race &t., 
Philadelphia 2, Pa. 

Blaine, R. L., National Bureau of Stand 
ards, Washington 25, D.C, 

Borcherding, Charles H., 13 W. 25th St., 
Baltimore 18, Md. 

Browne, Walter E., 720 N. Jefferson St., 
Milwaukee, Wis. 

Casey, John T., P.O. Box 60, Ware, Mass. 

Coblentz, Ralph k., 415 Cal-Wayne Bldg. 
Fort, Wayne, Ind. 

Cyr, Charles i.., 3083 Market St., Lawrence, 
Mass, 

Dietrich, Robert G., 3214 
Baltimore 16, Md. 

Donehower, Charles H., 238 Virginia Ave. 
Westmont, N. J. 

Doyle, Walter J 
Oceanside, Calif 


Klgin Ave 


, 1008 N. Hill St., 


Dunn, Reid A., 208 E. Cary St 
Richmond, Va. 


Figilis, Jack, American Crystal Sugar Co 


Boston Bldg., Denver, Colo, 
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Fowler, Albert C., Huron Portland Cement 
Co., Alpena, Mich. 

Freeman, William B., ¢/o Lock Joint Pipe 
Co., 1716 California St., Denver, Colo, 

Grazowsky, 8., U. S. Bureau of Reela- 
mation, New Customhouse, Denver 2, 
Colo. 

Grey, William A., Redding, Conn. 

Griffiths, John D., 300 Brandeis Theatre 
Bldg., Omaha 2, Nebr. 

Guerrero, Bernardo, “CC” No. 358 Rpto. 
Almendares, Mariano, Cuba 

Hagener, Arthur, 739 Renkert Bldg., 
Canton, Ohio 

Hanson, John Arvid, 2559 S. Milwaukee 
St., Denver 10, Colo. 

Hardy, Nat W., 59 Country Club Place, 
Corpus Christi, Texas 

Harrison, Richard J., c/o Lock Joint 
Pipe Co., P. O. Box No. 245, WKenil 
worth, N. J. 

Heath, Harry W., c/o Lock Joint Pipe 
Co., 737 Guardian Bldg., Cleveland, 
Ohio 

Houk, Ivan E., 2585 Cherry St., Denver 
7, Colo 

Howell, H. WK., 128 Sheldon Ave., Ames, 
lowa 

Hyde, S. FE. Jr, 515 Fairwood Drive, 
Grenada, Miss 

Jenkinson, Robert B., Box 340, Hinton, 
W. Va 

Jones, Barton, ¢/o Frederick Snare Corp., 
Medieal Arts Bldg., Puerta De Tierra, 
San Juan, Puerto Rico 

Klemme, Claude C, Jr., 952 Regent St., 
Boulder, Colo. 

Lagergren, Milton A., 497 Woodbridge 
Ave., Avenel, N. J. 

Lewis, Robert L., Dept of Civil Engineer 
ing, Colorado A & M_ College, Fort 
Collins, Colo 

MaeDonald, Grey 1)., Normae Ine., 1007 
S. Grand Ave., Los Angeles 15, Calit 

Mass, Sabino A., Tegucigalpa, D. C., 
Honduras, C. A 

Matsumoto, Shirowo, 1525-A Kauluwela 


Lane, Honolulu, T. H 


MeGrath, Joseph IX., 1222 Woodford PL, 
Arlington Heights, IL. 

McLaughlin, W. G., 87 Glen Ridge Ave., 
St. Catharines, Ont. 

MeMillan, Robert C., 3087 W. Grand 
Blvd., Detroit 2, Mich. 

Merica, Arnold A., 10217 S. Wood St., 
Chicago 43, IL. 

Meyer, L. S., 1837 8S. Wingshighway, 
St. Louis, Mo 

Morgan, Clifford, L., 408 Municipal 
Bldg., Denver 2, Colo. 

Moss, Leslie, 1253 Rutledge Ave 
Cineimmnati 5, Ohio 


Mylehreest, George L., Mylehreest & 
Reynolds, 238 Palm St., Hartford 5, 
Conn 

Neuman, Etmar, A., P. O. Box 686, San 
Antonio 6, Texas 

Officer, John D., U. S. Bureau of Reela- 
mation, Columbia Falls, Mont. 

Olson, Newton H., P. O. Box 534, 
Whitefish, Mont. 

Partlow, Edgar C., ¢/o Lock Joint Pipe 
Co., 5th & Oliver Sts., Joplin, Mo. 

Phillips, Clarence Oswald, c/o Civil 
ngineers Dept., Singapore Harbour 
Board, Singapore, S. 5. 

Porter, Robert F., Harry T. Campbell 

, Towson 4, Md. 

Rackle, George S. Jr., George Rackle «& 
Sons Co., Newburg Station, Cleveland 

Ohio 


Sons’ Corp 


5, 

Rebuffat, Antonio, 27, Via Leopardi, 
Milano, Italy 

Roffee, Lawrence W., Bureau of Recla- 
mation Testing Laboratory, D. F.C. 
Bldg. 1-B, Denver 2, Colo. 

Rust, Gordon D., 107 W. Nelson Ave., 
Alexandria, Va . 

Ryan, B. L., 2071 19th Ave., San Fran- 
cisco 16, Calif. 

Ryan, Fred L., e/o Lock Joint Pipe Co., 
sth & Gentry Sts., No. Kansas City, 
Mo 

Schoen, Bert A., 111 Nesbit Terrace, 
Irvington Il, N. J. 

Seron, Levon, SL N. Chicago St., Joliet IL. 
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Simms, George W., c/o Lock Joint Pipe 
Co., 700 Marshall Ave., Valle Park, Mo. 

Simmers, Joseph A., Ontario Paper Co., 
Ltd., Thorold, Ont. 

Smith, Cameron M., Dept. of Civil 
Engineering, University of Colorado, 
Boulder, Colo. 

Snethlage, John B., 50 Church St., New 
York 7, N. Y. 

Springer, John P., c/o Honolulu Iron 
Works Co., P. O. Box 3140, Honolulu 2, 
Hawaii 

Stow, Gordon H., ¢/o Warren 8. Holmes 
Co., 2200 Olds Tower Bldg., Lansing, 
Mich. 

Sweeny, Ross F., 22 
Nutley, N. J. 

Thrall, Homer, 504 Ballangee St., Hinton, 
W. Va. 

Townsend, Charles L., 2105 Irving St., 
Denver 11, Colo. 

Ulloa, Luis &., 
Honduras, C. A. 

Vega, R. Clare, 
Honduras, C. A. 

Vuorinen, Jukka E., Oulujoki Osakeyhtio, 
Muhos, Finland 

Wadsworth, Ralph G., City Engineer, 
Room 357, City Hall, San Francisco 2, 
Calif. 

Webb-Peploe, H. 
Interlaken, N. J. 

Whitney, Byron L., 2665 S. Marion St., 
Denver, Colo. 

Willetts, Cecil H., Corps of Engineers, 
War Dept., District Laboratory, Tulsa 
2, Okla. 

Ynestroza P., Guillermo, Comayaguela, 
D. C., Honduras, C. A. 

Zala, George T., 3554 Antisdale Ave., 
Cleveland Heights 18, Ohio 


Hampton Place, 


Tegucigalpa, D. C., 


Tegucigalpa, D. C 


“9 


W., 500 Rona St 


Corporation Members 

A. Alfonso & Co. Ltda., Apartado Aereo, 
3735, Bogota, Colombia, 8. A. 
(A. Alfonso) 

Brewer and Brewer Sons Inc., Chillicothe, 
Ohio (Paul B. Conaway) 

Chicago, Dept. of Subways & Superhigh- 
ways, 20 N. Wacker Drive, Chicago 6, 
Ill. (V. E. Gunlock) 





June 1947 


National Crushed Stone Assn., 1735 14th 
St. N. W., Washington 9, D. C. (A. T. 
Goldbeck 

Ready Mixed Concrete Inc., Second St. 
at Pennsylvania Railroad, Mansfield, 
Ohio (Herbert Rusk) 


Junior Members 
Greene, Gordon William, 2106 
Ave., San Francisco 16, Calif. 
Lo, Donald T., 1043 Nehoa St., Honolulu 

2. 2, 4. 

McCollough, T. R., Bureau of Recla- 
mation, D. F. C. Bldg. 1-B, Denver 2, 
Colo. 

Row, K. R. Narayana, Carnegie Institute 
of Technology, Pittsburgh 13, Pa. 


34th 


Student Members 

Counts, Jack E., Box 735, Wilson Center, 
Norman, Okla. 

DeAngelo, Joseph A., 
Philadelphia, Pa. 

Fatin, Ala Eldin, 1029 Vaughn &t., 
Arbor, Mich. 

Gaafar, Ibrahim A. 8., 
Ann Arbor, Mich. 


2002 Moore St. 


1029 Vaughn St. 


Galuam, Andres Aleantara, Ejercito 
Nacional No. 6A-7, Mexico, D. F. 
Haynes, Lloyd, A., Box 311, M. I. T. 


Dormitories, 3 Ames St., 
Mass. 
Helmers, E. Neil, 326 
Cambridge 39, Mass. 
Hoyos, Federico Martinez de, Iguala No. 
36, Mexico D. F. 

fashid, M. A., Institute of 
Technology, Pittsburgh 13, Pa. 

Rice, Paul, 24 Haviland St., Boston 15, 
Mass. 

Shaaban, Ahmad Mohamad, 1029 Vaughn 
St., Ann Arbor, Mich. 

Takeda, Tsuruzo, 6200 
Philadelphia 38, Pa. 

Westa, Gilbert M., 
Ann Arbor, Mich. 

Wheelock, FE. Frederick, 428 
Drive, Boston, Mass. 

Wittekind, Melvin C., 2155 Bay 
Miami Beach, Fla. 

Wylie, Billy C., 1505 University Ave., 
Boulder, Colo. 


Camb idge, 
Harvard St 


” 


Carnegie 


Ardleigh St., 
1341 Geddes Ave., 
\Iemorial 


Drive, 
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th 
. Honor Roll | 
; February 1, 1947 to May 1, 1947 
t. Pui. 
x May 1 finds Jack A. Crofts and Maurice Harmer E. Davis........... 1 
G. Roux tied for first place with credit William E. Fett...... a 
for 7 new members each. Alberto Dovali  E. I. Fiesenheiser................... l 
Jaime and Henry L. Kennedy are a close Robert W. Freeman................ 1 
h second with 6 each. Athol C. Garing.... oa 
Jeck A. Crof 7 H. F. Gonnerman........ wl 
u a 7 : “9 “a eee ce quer Emil A. Gromaterff..:............5 l 
ene “Se — < ” Ernst Gruenwald... l 
\- Alberto Dovali Jaime. . 6 EF. Herder , 
,, Henry L. Kennedy. . 6 _ Edward L. Howard 1 
Elmo C. Higginson... .. 53 Fred Hubbard. . . 1 
e Miles N. Clair.... 4 
Hush James H. Jacobson....... 1 
C. A. Hughes........ _— 4 Max Jamison........ l 
Robert L. Mauchel... 4 a 
et Maal John J. Kelley..... l 
oward R. Staley. 42 Donald G. Kretsinger. ; 
, Stanton Walker... > : David V. Lewin.... 1 
naw gon da 7 2 Walter Lohrey....... 1 
sag D ce “ Af 3 2 Frederic Theodore Mavis 1 
» Jo ” ee aw ; : Duncan McConnell... 1 
E. Gonzales-Rubio.... oul oe : 
FNM , ; Douglas McHenry... 1 
| . gS ameneiaa Leonard J. Mitchell... . 1 
I. S. Rasmusson. . ‘3G. Russell Moir... 1 
E. W. Thorson. 3 ell 5 Wawel ; 
w) a r " — - . 
way A. Toung... 3 Orley O. Phillips. S| 
A. Amirikian 2 Julian A. Pollak.... | 
Carlos D. Bullock... 2 R. D. Rader 1 
~ “seein = 2 Clarence Rawhouse! l 
. C. Kavanagh. . 2 John W. Robison... 1 
, Ben J. Many 2 Paul Rogers 1 
James A. McCarthy 2 R D “olny 1 
Richard C. Mielenz 2 cies N Rydland , 1 
; Jerome M. Raphael 2 R H Sherlock al l 
f R. H. Sherlock.... 2 T. E ; Nicci ie 1 
. an 1 . 4e * « *eeeee . 
A. H. Brewer. ... ‘1A John H. Swerdfeger. . 1 
F Wilbur H. Chamberlain 1% iH. F. Thomson 1 
Joseph Coel. See ne 12 John Tucker Jr. 1 
Y Oliver H. Millikan 1% gy Warberg 1 
y > -= > | —e We - . 
Walter a. Price 1% Frederick N. Weaver. . 1 
: Warren Raeder. . 114 1. C. Witt 1 
"ag S Pi 
Peter J. Allen. . Alexander H. Yeates l 
H. L. Bowman l 
Julian B. Carson. 1 The following credits are in each in- 
W. Fisher Cassie. . . 1 stance, “50-50” with another Member. 
S. J. Chamberlin. l Joseph Avant John W. Cook 
| H. F. Clemmer..... 1 Hugh Barnes Rolland Cravens 
Aloysius E. Cooke ae N. K. Berry R. A. Crysler 
Len J. M. Breen E. H. Darling 
William A. Cordon . . - Jose Luis Capacete G. E. Davis 
, Sy: John H. Cassidy Clarence W. Dunham 
Dale L. Crippen J 4. D. Ciresi John R. Dwyer 
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Ernest Pichel 
James A. Polychrone 
Walter F. Rasp 
Carl F, Renz 

» Ross M. Riege) 
Frank H. Jackson Manuel Ray Rivero 
M. E. James Herman Schorer 
Paul A. Jones H. H. Scofield 
William R. Kahl kk. W. Scripture Jr. 
Thomas B. Kennedy Aubrey B. Sleath 
Arthur Krueger John C, Sprague 

T. R. S. Kynnersley J. B. Stirling 
Clarence L. Laude M. A. Swayze 

Wm. Lerch Wm. H. Thoman 
Raul Lucchetti T. Thorvaldson 

H. &. J. 


A. V. Farley 
Rudolf Fisch! 

P. J. Freeman 
Frank M. Fucik 
A. W. Hicks 


S R. de Lys- 4. G. Timms 
Gregson Frank Sweeney Tuck 
George A. Mansfield I, L. Tyler 


Jose Antonio Vila 
Charles A. Vollick 
James D. Wall 
Arthur J. Widmer 
Stewart F. Weikel 
G. M. Williams 
Walter I. Winner 
George Winter 
Leslie P. Witte 
Harry C. Witter 


Bryant Mather 

E. McFalls 

D. W. McLachlan 
H. H. McLean 
Harmon 8. Meissner 
John R. Morris 
Wm. D. Nowlin 
Ben EF. Nutter 
Calvin C. Oleson 
Henry A. Pfisterer 





Charles E. Wuerpel 


has been granted a 17 month furlough by 
the War Department from his position as 
Chief, Concrete Research Division, Water- 
ways Experiment Station, Clinton, Miss- 
issippi to accept a position with the Inter- 
American Construction Corp. in connec- 
tion with major construction work in Ar- 
gentina. 

Mr. Wuerpel has been an ACT Member 
since 1037 and is currently a member of 
Committees 115, Research; 214, Evalu- 
ation of Results of Compression Tests of 
Field Concrete; and 921, ACT representa- 
tive on A.S.T.M. Committee C-1, Cement. 
His two recent papers on air entrainment, 
Sept. 1945 and Feb. 1946, have received 
very wide attention. The February 
JournaL paper, “Laboratory Studies of 
Concrete Containing Air-Ientraining Ad- 
mixtures,”” won for Mr. Wuerpel the 
Leonard ©. Wason Medal for Note- 
worthy Research. The award (without 
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the medal) was made at the 43rd Annual 
Convention in Cincinnati last February, 
and the medal, just received, has been 
forwarded to Mr. Wuerpel in time for 
him to take it to South America with him, 

His new address will be: c/o Inter- 
American Construction Corporation, 1760 
Avenida Alvear, Buenos Aires, Argentina. 


Two regional meetings of American 
Concrete Pipe Association 
Announcement was made recently of 
two meetings of the American Concrete 
Pipe Association. The first, a regional 
meeting will be held on Monday, June 9, 
Sherry-Netherlands Hotel, 
Cincinnati, Chio, The second, will also 


in the 


be a regional meeting plus a meeting of 
the Executive Committee of the Asso- 
ciation at the Canyon Hotel, Yellowstone 
National Park, Wyoming, Saturday, 
July 12, 

Members from Michigan, Indiana, 
Kentucky, Ohio, Western Pennsylvania 
and West Virginia will attend the 
Cincinnati gathering. tepresentatives 
from New Mexico, Colorado, Utah, 
Wyoming, Idaho, Montana, and the 
western portions ol Kansas and Nebraska 
are scheduled to attend the Yellowstone 
meeting. 

Elmer L. Johnson, an ACT Member a 
representative of the Concrete Conduit 
Co., Colton, Calif., is President of the 


Associat Ion, 


Freight cars of concrete 

Cast concrete freight cars made from 
pre-stressed reinforced concrete are being 
manufactured in Heidelberg, Germany 
aceording toa preliminary report received 
recently by the Office of Technical Set 
vices, Department of Commerce, from it 
overseas operating staff at the U.S. Army 
Field Information Agency, Technical, 
Karlsruhe, Germany, 

The information was reported by M 
A. Arnold and Otto L. Formigli, American 
investigators now making a study of the 


(German precast concrete industry for the 
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benefit of American industry. <A_ full 


report of their findings will eventually 
be made available to the public through 
OTS. 

The that 
part of the freight cars are made of cast 


investigators report every 
concrete except the wheels, springs, and 
drawbars. The company has orders on 
hand for 1,000 cars. 
ing such a car in the United States would 


$10,000, the 


The mold for cast- 


cost about investigators 


estimate, 
The that 
Munich street railways have been using 


investigators also report 


concrete brake shoes for several years. 


Formerly, street car brake wear used up 
about 4 tons of cast iron daily. Concrete 


brake 


iron and last about 


shoes eliminate the use of cast 


three months, Con- 
crete is also used in precast beams, joists, 
and floor sections of houses and industrial 
plants. Mr. Arnold, one of the investi 


gators, has been an ACI Member since 


1939, 


George W. Hutchinson 


member of the Institute since 1937 died 


suddenly in Raleigh, N. C. on March 10, 
1947. 
i803 Nit 


Carolina in 


Massachusetts in 


North 


Born in 


Hutchinson went to 


1921 where he became the first: material 
and testing engineer with the North 
Carolina State Highway Commission 
He was associated with the Viber 
Company of Burbank, California from 
1932 until his death From 1936) he 
represented the Gray Concrete Pipe 


Company of Thomasville, N.C. He 
instrumental in the organization of the 
North Carolina Concrete Asso- 


the time of his death was 


Wiis 


Masonry 
elation and at 
its secretary-treasurer, 

1937 to 19389 he was 


technician for the 


From conerete 


Applachian Electric 
Power Co. in the building of Claytor Dam 


at Radford, Va. 


In addition to his membership in ACI 
he was a member of A.S.T.M., A.S.C.E., 
Society of American Military Engineers, 
Road Builders’ 


Highway Research Board, North Carolina 


American Association, 
Society of Engineers and was active in 
the Raleigh Engineer Club and Chamber 


of Commerce. 


Joseph H. Dixey 


a member of the Institute since 1936 died 
at his home in Kitchawan, N. Y. January 
26, 1947 


Philadelphia, he was a civil engineer and 


after a long illness. Born in 
a graduate of the University of Chicago. 
Mr. Dixey 
Transit-Mix 


was vice-president of the 
Concrete 


1929 


Corp. trom its 


1944 
resigned to form the Joseph H. 


inception in until December 
when he 
Dixey Corp. He had been engaged in the 
ready-mixed concrete business since May 
1927 commercial 


York City 


when the first plant 


was established in New 
Mr. Dixey was a former president of 
the National Mixed 


Association. 


Ready Concrete 


Charles Edward O'Rourke 

an ACT Member 1928, 
Ithaca, N. Y. on January 10. Professor 
New York City 


and received his degree in civil engineering 


since died in 


©’ Rourke was born in 


from Cornell University. 


\fter graduation he was employed as 
engineer of Ithaca, N. Y. 
Army in 1918. He 
was professor of structural engineering at 
Cornell 1919 to 1946, 


when he was made head of the structural 


mssistant city 
until he entered the 
University from 
engineering department of the School of 
Civil Engineering, the position held until 
his death. He was also visiting professor 
of structural engineering and consulting 
engineer on many projects in the United 
States and abroad, He was the author of 
a general engineering handbook and many 
technical articles. He was also a member 


of the Cornell Society of Engineers. 
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Sources of Equipment, Materials, and Services 


A reference list of advertisers who participated in the Sixth Annual 
Technical Progress Issue of the ACI] JOURNAL—the pages indi- 
cated will be found in the February 1947 issue and (when it is 
completed) in V. 43, ACI Proceedings. Watch for the 7th Annual 


Technical Progress Section in the February 1948 JOURNAL. 


Concrete Products Plant posing 


Besser Manufacturing Co., 902 46th St., Alpena, Mich...............05. 
—Concrete products plant Aho at 


Stearns Manufacturing Co., Inc., Adrian, Mich... .........000c0eceeeues 


—Vibration and tamp type block machines, mixers and skip loaders 
Syntron Sompens, ins es then akiaeeeeeeava'eesos 
—Concrete vibrators, block and brick machine vibrators 


Construction Equipment and Accessories 
Blaw-Knox Division of Blaw-Knox Co., Farmers Bank Bldg., Pittsburgh, Pa.. 


—Truck mixer loading and bulk cement plants, road machinery, buckets, 
steel forms 
Butler Bin Co., Waukesha, Wis.. ; 
—Mixing plants, cement handling equipment 
Chain Belt Co. of Milwaukee, Milwaukee, Wis... 6.66.6 ee ee 
—Mixers, pavers, pumps 


Chicago Pneumatic Tool Co., 8 E. 44th St., New York 17, N.Y... 00.0... 


—Concrete vibrator equipment 


Construction Machinery Companies, Waterloo, lowa.......... 5 cmeay ici 


—Batching and placing equipment, Jetcrete gun 

Dumpcrete Div. of Maxon Construction Co., Inc., 407 Talbott Bldg., 
re ee rk sd dod 0ee ide 6 oe bab bea 
—lHauling air-entraining concrete 

Electric Tamper & Equipment Co., Ludington, Mich................ 
—Concrete vibrators, screeds, portable power plants 

Flexible Road Joint Machine Co., Warren, Ohio......... 
—Finishing and joint installing machines 

ee SS ree 
—Unloading and conveying pulverized materials 

Heltzel Steel Form & Iron Co., Warren, Ohio...... 
—Pavement tension dowels, expansion joint beams 

Jaeger Machine Co., The, Columbus ,Ohio............ 
—Concrete Paving Equipment 

Johnson Co., The C. S., Champaign, Illinois .........0 000 cee eee 

~Automatic mixing plants 
Kelly Electric Machine Company, 287 Hinman Ave., Buffalo 17, N. Y.. 
Floor finishing equipment 

Mall Tool Co., 7703 So. Chicago Ave., Chicago 19, Illinois... 
~—Concrete vibrators 

Master Vibrator Co., Dayton 1, Ohio.... 
—Concrete vibrators and finis shing screeds 

New Holland Manufacturing Co., Mountville, Po. ate 

Crushing plants 


Richmond Screw Anchor Co., Inc., 816-838 Liberty Ave., Brooklyn 8, N. Y 


Form tying devices 
Universal Form Clamp Co., 1246 N. Kostner, Chicago 51, lilinols...... 
—Form work, foundation panels 


page 


Sve vke OO 


and 


788 


771 
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Viber Co., 726 So. Flower St., Burbank, Calif............... 
—Concrete vibrators 


Worthington Pump and Machinery Corporation, Holyoke, Mass 
Paving Mixers 


Contractors, Engineers and Special Services 

American Concrete Institute, New Center Bldg., Detroit 2, Mich... . 792, 
Publications about concrete 

Borsari Tank Corp. of America, 25 Broad St., New York 4, N. \ 
Concrete tank structures 

L. Coff, Consulting Engineer, 198 Broadway, New York 7, N. Y 
Engineering service for prestressed concrete 

Grid Flat Slab Respocution, 761 Dudley St., Boston, Mass.. 
Grid system of concrete construction 

Kalman Floor Co., Inc., 110 E. 42nd St., New York 17, N. ¥ 
Floor finishing met thods 

Prepakt Concrete Co., The, and Intrusion- iments Inc., Union Commerce Bldg., 

Cleveland 14, ¢ hio bi 

Pressure fille xd concrete 

Raymond Concrete Pile Co., 140 Cedar St., New York 6, N. Y. 
Pile foundations 

Roberts and Schaefer Co., 307 No. Michigan Ave., Chicago 1, Illinois 
Thin shell concrete roofs 

Vacuum Concrete, Inc., 4210 Sansom St., Philadelphia 4, 
Forms and lifters with suction controlled concrete 


Materials 

Anti-Hydro Waterproofing Company, 265 Badger Ave., Newark N. J.. 
Wate pr 0ling 

Calcium Chloride Assn., The 1028 Connecticut Ave., N. W. Washington 
Calcium chloride 

Dewey and Almy Chemical Co., Cambridge 40, Mass. 
Air-entraining and plasticising agents 

Haydite Manufacturers, B x. lo, Kansas City; Toronto; St. Louis; South 

Park, Ohio, San Rafael, ( alif ; Danville, Illinois 

| ightweight aggregate 

Hunt Process Co., 7012 Stanford Ave., Los Angeles 1, Calif. 
Curing Compounds 

Inland Steel Co., The, 38 So. Dearborn St., Chicago 3, Illinois 


Reinforcing bars 


5 Ds See 


Lone Star Cement Corp., 342 Madison Ave., N. Y. 17, N. Y 
Cements and cement performance e data 
Master Builders Co., The, Cleveland, Ohio, Toronto, Ont 


Air entrainment and cement dispersion 

Rail Steel Bar Association, 38 S. Dearborn St., Chicago 3, Hlinoi 
Concrete reinforcing bars 

Sika Chemical Corp., 37 Gregory Ave., Passaic, N; J 
Waterproofings and densifier 

Techkote Company, 821 W. Manchester Ave., Inglewood, Calif 
Concrete curing compounds 

United States Rubber Co., Rockefeller Center, New York 20, N. Y. 


Form lining 


Testing Equipment 
Baldwin Locomotive Works, Philadelphia 42, Pa 
Testing equipment 
Concrete Specialties Co., Coulee Dam, Wash 
Testing mac hines, and equipment for capping test « ylinders 
Gilson Screen Company, P. ©. Box 186, Mercer, Pa 
Mechanical testing screens 
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REINFORCED CONCRETE COLUMNS 
UNDER COMBINED COMPRESSION 
AND BENDING 
HAROLD E. WESSMAN—Sept. 1946, pp. 1-8 (V. 43) 


Algebraic methods available heretofore for the analysis 
of the reinforced concrete column subject to combined 
compression and bending have usually involved the solu- 
tion of a complex cubic equation and have taken con- 
siderable time when applied to particular problems. A 
new method of successive approximaticns converging 
rapidly to an exact answer and avoiding the use of the 
cubic equation is presented in this paper. The key to the 
method is the reciprocal relationship existing between 
the load axis and the neutral axis of the translormed sec- 
tion. The method may be applied to any shape of cross 
section and any arrangement of reinforcing steel, provid- 
ing there is one axis of symmetry and the plane of bending 
coincides with this axis. The homes behind the method is 
presented and illustrated with three typical problems. 
Dise.—D. 5. Laidlaw, C. P. Siess and N. M, Newmark, 
John W. Graham, Jr., Michel Bakhoum and Author 
lune 1947 


cccccscccccccccccccs Seek 


EFFECT OF MOISTURE ON THERMAL 
CONDUCTIVITY OF LIMEROCK 
CONCRETE........eeeeeeeeececcecee 43-2 
MACK TYNER—Sept. 1946, pp. 9-20 (V. 43) 


The coefficient of thermal conductivity, k, of limerock con- 
crete is a function of temperature, composition and density 
or moisture content. No attempt has been made to 
measure the effect of temperature on k. Holding the 
temperature reasonably constant, the effect of composi 
tion on k has been measured for two limerock concrete 
mixes (1:5 and 1:7 by volume). The 1:5 mix has a k that 
is 10 per cent larger than the k for the 1:7 mix. 

ith the temperature and composition held constant, 
the effect of moisture on k for the 1:5 and 1:7 mixes has 
been measured, The moisture content has a very profound 
effect on k, 0.9. increases of moisture from zero to 5 per 
cent increases the k of 1:5 mix by 23 per cent and from 
zero to 10 per cent increases the k by 46 per cent. Con- 
cretes should be kept dry if their maximum heat insulation 
olfect is desired, 


CEMENT INVESTIGATIONS FOR 
MOULDER DAM—RESULTS OF 
TESTS ON MORTARS UP TO AGE 
OF 10 YEARS........-cceeeeeeeeeee 43-3 


RAYMOND E. DAVIS, WILSON C. HANNA and 
ELWOOD H, BROWN—Sept. 1946, pp. 21-48 (V. 43) 


The effects of composition and fineness of the laboratory 
coments employed in cement investigations for Houlder 

m upon strength, volume changes, and sullate resistance 
of mortars, are reported for ages up to 10 years. For both 
wet and dry storage conditions, featews for each of sev 
eral ages are given which indicate the contribution of 
each of the four major compounds present in portland 
cement to tensile and compressive srengihe and volume 
changes. 


* ANALYSIS AND DESIGN OF ELE- 
MENTARY PRESTRESSED CONCRETE 
MEMBERS........--seeeeeeeeeeeeeee 434 
HERMAN SCHORER—Sept. 1946, pp. 49-88 (Vol. 43) 


The purpose of this paper is to outline the analysis and 
design of elementary orestressed concrete members, such 
as beams, columns, ties, etc., subjected to internal and 
external axial forces and bending moments. The internal 
stresses, caused by the action of the prestress forces, are 
combined with the stresses due to external loads in three 
typical loading stages. The first stage considers the stres 
condition pace Kew trom the simultaneous application of all 
sustained loads. The second stage determines the stron 
changes due to normal live loads, based on a truly mono. 
lithic participation of the entire concrete area. The third 
stage assumes a cracked tension zone, which condition 
introduces the derivation of ultimate stresses and clarihes 
the influence of the prestress action on the type of failure, 
The analytical expressions are simplified by means of 
convenient ratios, which essentially dehne the sectional 
shape, the effeciive steel prestress, and the concrete fiber 
stresses. Numerical examples serve to illustrate the various 
steps. 


Dise L, Coff, P. W. Abeles and Author lune 1947 


*STUDIES OF THE PHYSICAL 
PROPERTIES OF HARDENED PORT- 
LAND CEMENT PASTE 


(Part 1) Price 50 cents.......... ooee ee 43-5a 
(Part 2 and appendix) Price 75 cents. ..43-5b 
(Part 3) Price 50 cents....... SR RSPR eae 43-5¢ 


(Part 4, appendix to parts 3 and 4) Price 


PR Misnhadeekededdeesees .»-43-5d 
(Part 5) Price 50 cents....... oad aa 43-5¢ 
(Parts 6 and 7) Price 50 cents ......... 43.5 
(Parts 8 and 9) Price 60 cents ......... 43-59 
T, C, POWERS and T. L. BROWNYARD—Oct. 1946, po 


101.132, Nov. 1946, pp. 249.336, Dec. 1946, pp. 469. 
504, Jan. 1947, pp. 549-604, Feb. 1947, pp. 669.719, 
Mar. 1947, pp. 845-880, April 1947, pp. 933-992 CV. 43) 


IN NINE PARTS 


Pan 1. A Review of Methods That Have Been Used for 
Studying the Physical Properties of Hardened 
Portland Cement Paste 

Part 2. Studies of Water Fixation 
Appendix to Pan 2 

Part 3. Theoretical Interpretation of Adsorption Data 

Part 4. The Thermodynamics of Adsorption 
Appendix to Parts 3 and 4 

Part 5. Studies of the Hardened Paste by Means ol 
Specific-Volume Measurements 

Part 6, Relation of Physical Characteristics of the Paste 
to Compressive Strength 

Part 7. Permeability and Absorptivity 

Part 8. The Freezing of Water in Hardened Portland 
Cement Paste 

Part 9. General Summary of Findings on the Properties of 
Hardened Portland Cement Paste 


This paper deals mainly with data on water fixation In 
hardened portland cement paste, the properties of evapor 
able water, the density of the solid substance, and the 
porosity of the paste as a whole. The studies of the 
evaporable water include water vapor adsorption charac 
teristics and the thermodynamics of adsorption. The dit 
cussions include the following topics 


1. Theoretical interpretation of adsorption data 
9. The specific surtace of hardened portland cement 
paste 
Minimum porosity of hardened paste 
. Relative amounts of gel.water and capillary water 
5. The thermodynamics of adsorption 
The energy of binding of water in hardened paste 
. Swelling pressure 
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8. Mechanism of shrinking and swelling 
9. Capillary-ow and moisture diffusion 
10, Estimation of absolute volume of solid phase in 
hardened paste 
11. Specific volumes of evaporable and non-evaporable 
water 
12. Computation of volume of solid phase in hardened 
paste 
13, Limit of hydration of portland cement 
14. Relation of physical characteristics of paste to 
compressive strength 
15. Permeability and absorptivity 
16. Freezing | water in hardened portland cement 
paste 


% MINIMUM STANDARD REQUIRE- 
MENTS FOR PRECAST CONCRETE 
FLOOR UNITS ......-.eeeeeeeeeees 43-6 


REPORTED BY ACI COMMITTEE 711—Oct. 1946, pp. 
133-148 (V. 43) In special covers 

Supersedes 40-17, 42-11. 

These minimum standard requirements are to be used as 
supplements to the ACI “Building Regulations for Rein 
forced Concrete” (ACI 318-41). With respect to design 
for strength, |. @., for bending moment, bond and shear 
stresses, all types shall be designed in accord with standard 
reinforced design theory and ACI 318-41. With respect 
fo cover, there is in some cases departure therefrom 
justified by the greater refinement in the finished product 
when made by factory methods with factory control. Pre 
cast floor systems with |-beam type and hollow core type 
joists are covered, Appendix contains applicable sec- 
tions of the ACI code (ACI 318-41). This report, origi- 
nally published in Feb. 1944 Journal, has been revised . 
the committee and adopted by the Institute as an ACI 
Standard, Aug. 1946. The committee consists of F. N. 
Menelee, Chairman, Warren A, Coolidge, R. E. Copeland, 
Clifford G. Dunnells, H. B. Hemb, Harve Kilmer, Glenn 
Murphy, Gayle 6. Price, John Strandberg, J. W. Warren, 
Roy R. Zipprodt. 


#%RECOMMENDED PRACTICE FOR 
THE CONSTRUCTION OF CONCRETE 
PARIA DILOG occccccccccccccccccce 497 


REPORTED BY ACI COMMITTEE 714—Oct. 1946, pp. 
149.164 (V. 43) In special covers 

Supersedes 40-10, 42-12. 

These recommendations describe practice for use in the 
design and construction of concrete silos--stave, block 
and monolithic, for the storage of grass or corn silage 
he report is the work of the committee consisting of 
William W. Gurney, Chairman, J. W. Bartlett, Walter 
Brassert, Claude Douthett, Harry B. Emerson, William G 
Kaiser, R, A. Lawrence, G Lindsay, J. W. McCalmont, 
Dalton G. Miller, C. C. Mitchell, K. W. Paxton, B. M 
Radclifle, Charles F. Rogers, Stanley Witzel lt was 
adopted by the Institute as an AC! Standard Aug. 1946 


THE DURABILITY OF CONCRETE IN 
SERVICE 


F. H. JACKSON—Oet, 1946, pp. 165-180 (V, 43) 


This paper discusses the problem of concrete durability 
with relerence primarily to highway bridge structures 
located in regions sublect to severe frost action Four 
major types of deterioration are delined and illustrated 
and several specific matiers which have bearing on the 
problem, including the effect of construction variables 
modern vs. old fashioned cements, air entrainment anc 
the so-called “‘cement-alkali’’ aggregate reaction, are 
discussed The report concludes with a series of 
recommendations indicating cerlain corrective meatures 
which should be taken 


WEAR RESISTANCE TESTS ON CON. 
CRETE FLOORS AND METHODS 
OF DUST PREVENTION ........... 43-9 
GEORG WASTLUND and ANDERS ERIKSSON—QOct, 
1946, pp. 181-200 (V, 43) 

This paper presents a description of tests made on con 
Crete floor specimens of various types in order to determine 


their resistance to wear and to investigate the character 
of deterioration of concrete floor surfaces due to traffic 
The results of these tests show that concrete floors pro- 
vided with finish courses containing coarse aggregate up 
to about 4 inch in size and an excess of pea gravel are 
definitely superior to concrete floors with a finish course 
containing fine sand only which are common in Sweden 
at the present time. Moreover, this investigation has 
helped to elucidate the causes of the often very severe 
and detrimental dusting of concrete floors. The surface 
skin of concrete floors is of poor quality and is easily 
abraded. Dusting can be considerably reduced if the 
poor surface skin is removed by machine grinding provided 
that the concrete below the surface skin is of first-rate 
quality. The paper concludes by proposing a detailed 
tentative specification for concrete floor finish which 
differs in essentials from current Swedish practice. 


*#& LINING OF THE ALVA B. 

ADAMS TUNNEL.............0++++43-10 

RICHARD J. WILLSON—Nov. 1946, pp. 209-240 (V 
3 


The 13.03 mile Alva B. Adams Tunnel, excavated under 
the Continental Divide, as a part of the transmountain 
water diversion plan of the Colorado-Big Thompson Pro 
ject, United States Department of the Interior, Bureau of 
Reclamation, is now lined with concrete. Lining equip- 
ment and methods and aggregate processing are de- 
scribed, 


REPAIRS TO SPRUCE STREET 
BRIDGE, SCRANTON, PENNA......43-11 
A BURTON COHEN—Nov. 1946, pp. 241-248 (V. 43) 


Repairs and reinforcements of the Spruce Street Bridge 
built in 1893 over the Lackawanna Railroad and Roaring 
Brook in Scranton, Pa. are described The effective 
application of the “Alpha System-Composite Floor De 
sign” reinforced the floor system at the same time a new 
concrete floor slab was laid. Concrete prices are in- 
cluded and eleven illustrations supplement the text of the 
paper. 


THE STRUCTURAL EFFECTIVENESS 
OF PROTECTIVE SHELLS ON REIN- 
FORCED CONCRETE COLUMNS....43-12 
F. E. RICHART—Dec, 1946, pp. 353.364 (V, 43) 


This paper presents ao study of 108 plain, tied or spirally 
reinforced concrete columns. The columns were 7, 8 and 
9 in. round or square, 45 in, ong, and the ties and spirals 
were 6 in. in diameter. 

The columns were loaded axially, with “flat” ends 
Strains were measured and close observations were made 
of the initial failure of the protective shell, 

Analyses of the test results were made to see if the column 
shells were fully effective. This was the case with the 
shells of spirally reinforced columns, but the tied columns 
showed a slight deficiency in the strength expected on 
the basis of previous tests of the 1930 ACI column 
investigation 

The test results lend support to the design methods pre. 
scribed in the current ACI Building Regulations for 
Reinlorced Concrete 


PRECAST CONCRETE STRUCTURES. .43-13 
A. AMIRIKIAN-—Dec. 1946, pp. 365.380 (V, 43) 


Precasting is becoming a maior factor in the choice of 
teinlorced concrete as a construction material because of 
ever-rising cost of labor and materials. The advantages 
of precasting are not however conlined to savings in cost 
and materials. Since it isa planned method of construction, 
comparable to factory production, its use also assures a 
better control ol onic and speedier completion of the 
project, This article is an attempt to show how precasting 
can be utilized to provide the framing of a great variety 
of structures, The first part deals with bent type of framing 
at used in buildings, the second describes a novel type of 
framing consisting of precast cells, particu ary suitable for 
floating structures 


Disc PW. Abeles and Author — June 1947 
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COMPARATIVE BOND EFFICIENCY 

OF DEFORMED CONCRETE REIN- 
FORCING ap areyer = F 
ARTHUR P. CLARK—Dec. 1946, pp. 381-400 (V. 43) 


The purpose of the tests described was to determine the 
resistance to slip in concrete of 17 different designs of 
eformed reinforcing bars. 

The tests were of the pull-out type in which the bars were 
cast in a horizontal position, the depth of concrete under 
the bars and the length of embedment were varied. The 
slip of the bar was measured at the loaded and free end. 
Three tests were made of each variable for each design 
of deformation. 

It was established that a cortatn group of the bars was 
definitely superior to the others, in the sense that their 
average rating was significantly higher than the average 
of the others. Bars cast in the top position were much 
less effective than those cast in the bottom position. 
Disc.—R. R. Zipprodt, C. J. Posey, 4 _— Abeles, 

Gilkey and Author—June 19. 


*PROPOSED REVISION a BUILD- 
ING REGULATIONS FOR REIN- 
FORCED CONCRETE (ACI 318-41)..43-15 


REPORTED BY ACI COMMITTEE 318—Dec. 1946, pp. 
401-468 (V. 43) 


The report with its proposed changes has been released 

by the Standard Committee for convention action. 

The contents are fully explained in the title. The current 
e' appears in full in larger type, the proposed 

changes in smaller type. Published for information and 

study prior to convention consideration. 


HIPPED PLATE CONSTRUCTION. . . 43-16 


GEORGE WINTER and MINGLUNG PEI—Jan. 1947, 
pp. 505-532 (V. 43) 


This paper discusses and illustrates a method of design 
and construction increasingly us in Europe since the 
early thirties, but hardly known in this country. Named 
“Faltwerke” abroad, such structures consist of rigid 
reinforced concrete boxes made up of slabs joining at 
various angles, without the aid of beams or girders. In 
view of the considerable rigidity of the box as a whole, 
such structures can be made to bridge considerable spans 
without intermediate supports in the form of columns, 
frames or trusses. The type of construction is particularly 
soeneuste to bunkers, long span roofs, hangars, and the 


rm. J 


The paper is essentially a digest of the very extensive 
European literature on the subject. |t aims to discuss the 
essential design procedures, though not pretending to be 
complete with regard to questions of somewhat secondary 
importance. Originality is only claimed in the develop- 
ment of an appropriate, simplifying distribution method, 
the introduction of a consistent sign convention, and other 
substantial, practicai simplifications. 

Examples of erected structures are illustrated, a design 
example is given, and an extensive foreign bibliography 
is recs A 


HYDRAULIC STRUCTURE MAINTE- 
NANCE USING PNEUMATICALLY 
PLACED MORTAR.............--. 43-17 
W. L. CHADWICK—Jan. 1947, pp. 533-548 (V. 43) 


Where exposed to frequent freezing and thawing cycles 
while saturated, concrete in hodvoulie structures and on 
snow-covered flat or nearly flat surfaces suffers deteriora- 
tion which requires repair before the strength of the 
offected structure is seriously impair The principal 
causes of deterioration are enumerated, and several meth- 
ods of customary repair are discussed, with special mention 
of the methods employed in making repairs to a number 
of hydraulic conduits and dams in the high Sierras 
of California. 


MR. CHAIRMAN...........+++++++43-18 
R. W. CRUM—F eb. 1947, pp.613-616 (V. 43) 


The author “has fun” over the performance of chairmen 
In the conduct of technical meetings as he did on another 





June 1947 


occasion, with the authors’ presentations of their papers, 
in “Technical Tedium or Otherwise.” 


OBSERVATIONS OF WAR 

DAMAGE TO CONCRETE AND TO 
CEMENT INDUSTRY PROPERTIES IN 
NT 5.5.24. cainh o40-0b-0.0 00040000 
MYRON A. SWAYZE—feb. 1947, pp. 617-628 (V. 43) 


While on a seven week trip through Germany making a 
survey of the German cement industry, the author observed 
damage to structures resulting from allied bombing. Types 
of German cement are compared with American cement 
and though German cements were generally considered 
as inferior to American, their high quality of concrete 
presented a paradox as seen in the durability of their 
roads. Illustrations show results of bombing on hotels, 
bridges, cement and industrial plants and dams. An 
interesting example of the use of a mound of gravel as 
form work tor an arch factory roof is described . The 
author believes American engineers could profit by a 
study of German examples of precast concrete. 


CRACKS IN CONCRETE.............43-20 
BYRAM W. STEELE—Feb. 1947, pp. 629-636 (V. 43) 


Cracks in concrete that are irregular and uncontrolled 
are objectionable. If causes were better understood, the 
elimination of cracks would be less difficult. Cracks are 
mainly due to one or more of the following causes: 1) 
lack of adequate investigation of all of the ingredients 
involved, 2) lack of sufficient advance planning to obtain 
satisfactory results, 3) lack of team work in the human 
element involved in this intricate manufacturing process, 
and 4) lack of teamwork (compatibility) in the ingredients 
which include alkali aggregate reaction and the use of 
argillaceous limestone | chert as aggregate. The 
modern laboratory's test procedure will not condemn many 
limestones and cherts that are capable of starting surface 
cracking. The elimination of unsound types is not at all 
a simple procedure. A suggested A-B-C procedure is 
offered toward the partial elimination of cracks: A to 
establish approved sources of aggregate with good service 
record, B thoroughly investigate new sources of supply 
subjecting them to all known tests including analysis by a 
petrographer, C study the design of every structure pro- 
oon with a view towards eliminating structural cracks 
by proper control of the design of the mix and the placing 
of the concrete and provide relief from volume change 
tensile stresses with designed cracks placed where they 
will not be objectionable. 


CONTRACTION ane GROUENG 
OF LARGE DAM 
A. WARREN SIMONDS avigers pp. 637-652 (V. 43) 


The practice of the United States Bureau of Reclamation 
is to build large dams in blocks bounded by keyed joints 
to minimize cracking caused by shrinkage which is due to 
dissipation of the setting heat of the concrete. After the 
concrete reaches its minimum temperature the voids in the 
joints between the blocks are filled with cement grout 
under pressure to create a concrete monolith. This paper 
describes experiences in the development of the present 
grouting techniques and the actual process of grouting 
contraction joints in large concrete dams. Special 
reference is made to grouting at Shasta Dam 


REPAIR OF CONCRETE CHIMNEYS 
WITH A MINIMUM OF _INTER- 
FERENCE WITH OPERATION OF 
BOILERS... ccccccccccccccccccccccccASeRS 


W. M. BASSETT and M. N, CLAIR—Feb. 1947 pp. 
653-668 (V. 43) 


Demolition of a concrete chimney at public utility plant 
provided an opportunity to study the relation of SOs 
content of the cross section of the shell to the condition of 
the concrete. This data used to supplement physical 
examination in determining necessity for repair of two 
other chimneys at same plant. Wartime conditions re- 
aquired repair without plant shutdown. Methods em- 
ployed and results obtained are described in detail. 
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SOME PROBLEMS IN STRUCTURAL 
FRAMING OF PRECAST CONCRETE 
eae © 
A. AMIRIKIAN—Mar. 1947, pp. 797-812 (V. 43) 


The use of precast concrete elements in large-scale housing 
projects places special emphasis on the importance of the 
structural framing. In order to take full advantage of 
benefits inherent in the precast technique, it is necessary 
that the design of the framing be given the same care as 
that generally accorded to the structural analysis and 
design of any large and important structure. To this end, 
criteria of design and the arrangement of framing are 
predicated on theoretical as well as on practical con- 
siderations, to assure adequacy of strength, adaptability 
to mass production and economy of construction. Some of 
the problems encountered in the design of the framing are 
discussed in this paper; and the application of the basic 
principles is illustrated by two examples outlining the 
arrangement and details of framing of two types of low- 
cost dwellings. 


THE MAINTENANCE AND RECON- 
STRUCTION OF CONCRETE TUNNEL 
LININGS WITH TREATED MORTAR 
AND SPECIAL CONCRETE..........43-24 
B. D. KEATTS—Mar. 1947, pp. 813-828 (V. 43) 


Defects in concrete tunne! linings such as disintegration, 
seepage, honeycomb, cracking and structural failures and 
faulty conditions in earth and rock tormations through 
which tunnels have been bored have been corrected 
with treated mortars, a special concrete and through 
unconventional methods of applying them. 

This paper includes a general discussion of tunnel mainte- 
nance problems, a description of the mortar, concrete 
and methods employed in the repairs of four selected 
tunnels. 


CONCRETE MIX DESIGN — A 
MODIFICATION OF THE FINENESS 
MODULUS METHOD...............43-25 


MYRON A. SWAYZE and ERNST GRUENWALD— 
Mar. 1947, pp. 829-844 (V. 43) 


A comparison of three maximum size gradings of sand- 
gravel and sand-crushed stone mixtures in concrete has 
revealed that for each type and size of coarse aggregate 
@ constant value for fineness modulus will be obtained 
for any workable mixture trom lean to rich, if the cement 
is included in the modulus figures. While trial batches 
ore still recommended tor previously unused aggregates 
the modification proposed tor the old fineness modulus 
method permits the design of equally workable batches 
ot varied cement contents trom data on trial mixes of a 
single cement tactor. This materially reduces the number 
of test batches where a range of cement contents are to 
be used with a set of aggregates. t 

The method described tor calculation of batches compen- 
sates for differences in specific gravity of fine and coarse 
agoregates. 


THE INSTITUTE—TODAY AND TO- 
MORROW ...... sie kale user se rena 
HARRISON F. GONNERMAN—Apr. 1947, pp.885-892 
(V. 43) 

The address of the retiring President at the 43rd Annual 
Convention in Cincinnati summarizes the activities and 
progress made by the Institute during the preceding year 
and outlines the plans conceived during the year tor the 
future. The author objectively reveals the prospects for 
future growth of the Institute. 


OIL WELL CEMENTING PRACTICE. .43-27 
R. E. MOELLER and HAYDEN ROBERTS—Apr. 1947, 
pp. 893-912 (V. 43) 

Oil well cementing is a highly specialized service, special 
procedures and equipment are necessary to accomplish 


the desired results. Wells are cemented to eliminate 
contamination, to repair leaks in pipe, to reduce the depth 
of the hole and to correct various well conditions when 
necessary. This paper outlines the different procedures 
and describes some of the equipment used. 

Some of the more fundamental problems encountered in 
well completions are mentioned and the methods used to 
correct problems are briefly described. 


PAINTING INTERIOR CONCRETE 
SURFACES: THE EXPERIENCE OF 
ONE ORGANIZATION...........-43-28 
T. H. CHISHOLM—Apr. 1947, pp. 913-916 (V. 43) 


Twenty-five years experience in painting the interior of 
concrete buildings has demonstrated that if a few simple 
precautions are taken, it ofers no more difficulty than does 
the painting of wood or other materials. The paper 
describes the practices of the Hydro-Electric Power 
Commission of Ontario which have prompted this 
conclusion. 


NOTES ON THE THEORY AND 
PRACTICE OF FOUNDATION 

oo ee ee 
Vv. L. MINEAR—Apr. 1947, pp. 917-932 (V. 43) 


Foundation grouting presents one of the most controversial 
problems in dam design and construction. Successful 
trearment of any given foundation requires modification 
in standard technique to meet existing conditions. Methods 
used successfully on one job may not always be satis 
factory on another. This paper presents and discusses 
certain theories and practices in this important and costly 
phase of dam construction 


A STUDY OF THE INFLUENCE OF 
THERMAL PROPERTIES ON THE 
DURABILITY OF CONCRETE........43-30 
ALBERT WEINER—May 1947, pp. 997-1008 (V. 43) 

An attempt is made to rationalize the effect of air content 
and type of aggreagte on the durability of concrete by a 
onsideration of the thermal properties The principal 
thermal properties of plain, Vinsol resin, and neutralized 
concrete made with siliceous gravel and 
with trap-rock under two mixing conditions (cir and 
vacuum-mix) are presented The increased durability 


developed by addition of an air-entraining admixture 


Vinsol resin 





does not appear to be a result of the slight change in 
thermal properties accompanying air entrainment. When 
differences in thermal ditusivity exist between mortar and 
coarse aggregate, rapid lreezing and thawing may cause 
failure by internal expansion. This paper should be 
considered as a progress report on the subject and the 
conciusion set torth as tentative; sudject to verihcation 
by the results of further study 


EROSION OF CONCRETE BY CAVI- 
TATION AND SOLIDS IN FLOWING 
WATER ccvcccccesccces ievecceeeee -43-31 


WALTER H. PRICE May 1947, pp. 1 9-1094 (V. 43) 
High velocity water jet and shot-blast tests which were 
made to determine the elfects of mix proportions, curing 
absorptive form lining, air entrainment and surface finish 
on the erosion resistance of concrete are described 
Examples of erosion failures in hydraulic structures by wear 
ind cavitation and methods o! repair are included. 


THE CAMERA LUCIDA METHOD 
FOR MEASURING AIR VOIDS IN 
HARDENED CONCRETE ......... ..- 43-32 


GEORGE J. VERBECK—May 1947, pp. 1025-1040 
4 

Ihe camera lucida method for the determination of the 

sir content and the air void character of hardened 
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cement pastes, mortars and concretes is described. Data 
are included to demonstrate the influence of experimental 
factors upon the results obtained by the camera lucida 
method. 

A comparison is made of the void concentrations and 
average void areas of the air entrained by different 
types of agents and under different mixing conditions. 
No factors significantly altering the void characteristics in 
concrete are revealed in the tests thus far made. The air 
contents of hardened concretes as determined by the 
camera lucida method compare satisfactorily with results 
obtained by other methods applied to the same concretes 
when in the plastic state. 


DISTRIBUTION OF BOND STRESS IN 
CONCRETE PULL-OUT SPECIMENS. . 43-33 
DAVID WATSTEIN—May 1947, pp. 1041-1052 (V. 43) 


The purpose of this investigation was to determine the 
effect of length ot embedment and the kind of detormation 
pattern of the reinforcement bar on the distribution of 
stress in pull-out specimens. Twenty-five specimens 
6-in. in diameter by 8-in. long and twenty-five specimens 
6-in. in diameter by 12-in. long, containing %4-in. diameter 
round bars of five different types were tested. 
The bond stresses in the 8-in. specimens were considerably 
more uniform along the length of the bar than were those 
in the 12-in. specimens. 
The bond stresses increased most rapidly with slip at the 
loaded end of the bars, and in general, least rapidly at 
the free end. This divergence of the values of bond 
stresses for a given slip was more pronounced for the 
longer lengths of embedment. 


DEVELOPMENT AND STUDY OF 
APPARATUS AND METHODS FOR 
THE DETERMINATION OF THE AIR 
CONTENT OF FRESH CONCRETE. ..43-34 
CARL A. MENZEL—May 1947, pp. 1053-1072 (V. 43) 


This paper describes new apparatus and methods de- 
veloped for the determination of the entrained air content 
of fresh concrete. The test methods developed are based 
on two different principles, neither of which requires 
weighing scales: (1) Direct Volumetric Method in which 
the volume of air removed from a sample ot fresh concrete 
inundated in an approximately equal volume of water is 
indicated directly by the volume of liquid required to re- 
store the original liquid level atter the removal o/ the en- 
trained air; (2) Pressure Method (proposed by Klein and 
Walker) in which the volume of air entrained in a sample 
of fresh concrete is indicated by the change in volume of 
the concrete when a known pressure is applied to the 
sample. 

Extensive tests show good correlation between the 
“Rolling Method" (a direct volumetric method in which 
air is removed by rolling the concrete in an excess of 
water) and the ‘Pressure Method" for concrete mixes 
representing a wide range in cement content, consistency, 
natural coarse aggregate, and method of incorporating 
the air-entraining agent. Good correlation has also 
been obtained in tests conducted at four temperature levels 
(44, 62, 79 and 100 F.). 

Both laboratory and field experience with different 
methods indicate that, all things considered, the pressure 
method is probably the most practical for field tests. The 
rolling and modified rolling methods, although equal in 
dependability to the pressure method, appear to rank 
second to it in practicability. These studies provided a 
basis for the design of suitable apparatus for testing 0.22 
cu ft concrete samples (with 2-in. maximum size aggregate) 
by the pressure and rolling methods. 


PAINTING EXTERIOR CONCRETE 
SURFACES WITH SPECIAL REFER- 
ENCE TO PRETREATMENT..........43-35 
G. E. BURNETT and A. L. FOWLER—June 1947, pp. 
1077-1088 (V. 43) 

Laboratory evidence is presented to demonstrate that 
pretreatment is invaluable if not essenticl to the success‘ul 
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use of oil-base paints on concrete surfaces. An effective 
pretreatment is described as consisting of a water solution 
of 2 percent zinc chloride—3 percent phosphoric acid. 
With proper pretreatment, it is indicated that paint on 
concrete may last longer than paint on wood and that 
the customary extended aging period for concrete prior 
to painting may be omitted. 


SOME OBSERVATIONS ON USING 
THEORETICAL RESEARCH.......... 43-36 
T. C. POWERS—June 1947, pp. 1089-1096 (V. 43) 


Theoretical papers have immediate practical value if 
they are studied so as to become a part of one’s working 
knowledge. Such papers seldom give direct answers to 
specific questions, but answers to various questions may 
emerge from detailed consideration of a specific phenom- 
enon. For example, the volume contraction accompanying 
hydration, considered along with data on the character- 
istics and behavior of evaporable water in cement paste 
gives useful information pertaining to curing methods and 
concrete durability. 


PRECAST CONCRETE STORHOUSES 43-37 


ARSHAM AMIRIKIAN—June 1947, pp. 1097-1116 
(V. 43) 


The two concrete storehouses at Mechanicsburg, Pa 

popularly known as the Navy's “precast warehouses 

are the first structures built entirely of prefabricated 
concrete elements, utilizing the thin-shell technique 
The framing consists of a series of bents and the surmount 
ing system of ribbed roof panels. The component members 
of the bents are of hollow cross section. The hollow 
segments, which characterize the main framing, are 
obtained by bolting together matching pairs of thin-walled 
channel-shaped elements. To provide continuity at the 
joints, the reinforcing bars of adjacent segments are 
welded in the splice gaps and the joint pockets filled with 
grout. This paper describes the basic features of design 
fabrication and erection of the framing 


PRECAST CONCRETE WAREHOUSE 


ee | re 43-38 
LOUIS P. CORBETTA— June 1947, pp. 1117-1124 (V. 43) 
The contractor, who built two experimental warehouses 


of thin shell precast concrete elements for the United 
States Navy under a lump sum contract awarded on a 
competitive basis, describes how the unique construction 
problems involved were approached and solved. Also 
discussed are the actual costs of the job and the estimated 
costs of building 5 similar warehouses with the ‘“know- 
how’ gained on the first two 


BOND CHARACTERISTICS OF COM- 
MERCIAL AND PREPARED REIN- 
A ere -43-39 
S. T. COLLIER—June 1947, pp. 1125-1136 (V. 43) 


A study of the bond resistance of deformed reintorcing 
bars as affected by type of deformation, position of anchor 
age, and the consistency of the concrete in which they 
were embedded Forty-eight specimens representing 
five bar designs were made for pull-out tests, two tests 
for each set of conditions 


THE CORROSION OF REINFORCING 
STEEL IN CRACKED CONCRETE.....43-40 
BAILEY TREMPER—June 1947, pp. 1137-1144 (V. 43) 


Sixty-four small concrete blocks containing steel wires 
and deformed bars as reinforcing were loaded as beams 
to produce cracks normal to the direction of the steel 
After ten years outside exposure, the steel specimens 
were removed from the concrete and examined for the 
amount of corrosion. Corrosion was found for short 
distances in the region of the cracks but was too minor in 
degree to be considered of serious consequence 
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AMERICAN CONCRETE INSTITUTE 


makes ths ANNOUNCEMENT as to— 
1—ACI DUES RATES 


As with a lot of other people, costs are up. Members of the Institute 
in Convention last February seemed to understand the situation as 
presented by the Board of Direction. Not only is the amount of Institute 
literature much greater than it has been but the unit production costs 
(materials and services) are higher. The Convention adopted higher 
dues rates but under our procedure it is necessary that a Convention 
action be ratified by two-thirds of the Members voting in letter ballot; 
and until that ballot is canvassed June 28 we do not know the answer. 

It is likely dues rates will advance July 1 but it seems unfair to ACI 
to send out a bill at the old rate for the year beginning July 1. It also 
might be unfair to new members to send out a bill at the higher rates: 

Individual Members in United States and Canada advanced from 

$10.00 to $12.50: 

Corporation Members—$20.00 to $25.00: 

Junior Members —$ 6.00 to $ 7.50: 

Student Members —$ 3.00 to $ 5.00:—effective July 1. 

So then, on the assumption that the Board of Direction will approve 
applications for membership and, also on the assumption that you will 
send us a check to reach us before July 1, paying the dues at the old 
rate, we will accept such payment until July 1 when the rates will be 


finally decided. 
2—NON-MEMBER SUBSCRIPTIONS ACI JOURNAL 


Hinging upon the dues decision is the non-member subscription 
price of the Journal which will be advanced from $7.50 to $10.00 per 
year, effective July 1, for subscription years starting on and after 
September 1, 1947. 


3—ANNUAL BOUND VOLUME PRICES 

Entirely independent, however, of the letter ballot and the Conven- 
tion action, the net price of bound volumes advances. The published 
price of bound volumes is $10.00 to non-members and $5.00 to Members. 
For several years we have given a 40 per cent discount from these figures 
in instances where payment is made in advance of beginning publication 
of an annual volume. 

For the annual volume beginning September 1947 prices will be the 
same, but discount less, for advance payment (by Aug. 31, 1947). The 
discount is reduced from 40 per cent to 20 per cent, making the net price 
hereafter $4.00 to Members, $8.00 to non-members, when payment is 
made in advance—otherwise the full quoted price. 
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Current ACI Standards 


Minimum Standard Requirements for Precast Concrete Floor 
Units (ACI 711-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 
Recommended Practice for the Construction of Concrete Farm 


Silos (ACI 714-46) 


16 pages in covers: 50 cents per copy (40 cents to ACI Members) 
Recommended Practice for the Design of Concrete Mixes 


(ACI 613-44) 


24 pages in covers: 50 cents per copy (40 cents to AC] Members) 


Specifications for Cast Stone (ACI 704-44) 


4 pages: 25 cents per copy 


Specifications for Concrete Pavements and Bases (ACI 617-44) 
30 pages In covers: 50 cents per copy (40 cents to AC! Members) 


Recommended Practice for Measuring, Mixing and 
Placing Concrete (ACI 614-42) 


30 pages In covers: 50 cents per copy (40 cents to ACI Members) 


Recommended Practice for the Use of Metal Supports for 
Reinforcement (ACI 319-42) 


4 pages: 25 cents per copy 


Building Regulations for Reinforced Concrete (ACI 318-41) 


63 pages in covers: 50 cents per copy. (40 cents io ACI Members) 





“ACI Standards—1946” contains all the above titles in a single 
publication at $2.00 ($1.25 to ACI members) 





Recent Proposed ACI Standards 


Proposed Manual of Standard Practice for Detailing Reinforced Concrete 
Structures 
Reported by ACI Committee 315. It is a separate publication of large format, 
bourd to lie flat and presents typical engineering and placing drawings with 
discussion calling attention to important considerations in designing practice. 
55 pages, $3.00 per copy. $1.75 to ACI Members. (Distributed to ACI 
Members in July 1946) 
The Nature of Portland Cement Paints and Proposed Recommended Practice 
for Their Application to Concrete Surfaces 
Reported by Committee 616 as Information and for discussion only. 20 pages, 
25 cents per copy (Reprint from ACI JOURNAL, June 1942) 
Proposed Recommended Stresses for Unreinforced Concrete 


Reported by Committee 322 as information and for discussion only. 4 pages, 
25 cents per copy. (Reprint from ACI JOURNAL, Nov. 1942) 
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ACI publications in large current demand 


Proposed Manual of Standard Practice for Detailing Reinforced 
Concrete Structures (1946) : 


Reported by ACI Committee 315, Detailing Reinforced Concrete Structures, Arthur J. Boase, 
Chairman, this book reached the top of the ACI “‘best seller” list within one month of its distri- 
bution to all ACI members in good standing in July 1946. It is a large format, bound to lie flat 
and presents typical engineering and placing drawings with discussion calling attention to 
important aandiinddiions in designing practice. It was prepared to simplify, speed, and effect 
standardization in detailing. It is believed to be the only publication of its kind in English. It 
is meeting wide acclaim among designers, draftsmen and in engineering schools. Price—$3.00, 
to ACI Members—$1.75. 


ACI Standards—1946 


180 pages, 6x9 reprinting ACI current standards: Building Regulations for Reinforced Con- 
crete (ACI 318-41); Minimum Standard Requirements for Precast Concrete Floor Units 
(ACI 711-46); four recommended practices: Use of Metal Supports for Reinforcement (ACI- 
319-42); Measuring, Mixing and Placing Concrete (ACI 614-42), Design of Concrete Mixes 
(ACI 613-44); Construction of Concrete Farm Silos (ACI 714-46), and two specifications: Con- 
crete Pavements and Bases (ACI 617-44) and Cast Stone (ACI 704-44)—all between two 
covers, $2.00 per copy—to AC! Members, $1.25. 


Air Entrainment in Concrete (1944) 


92 pages af reports of laboratory data and field experience including a 31-page paper by 
H. F. Gonnerman, ‘Tests of Concretes Containing Ajr-entraining Portland Cements or Aijr- 
entraining Materials Added to Batch at Mixer,” and 61%pages of the contributions of 15 parti- 
cipants in a 1944 ACI Convention Symposium, “Concretes Containing Ajir-entraining Agents,” 


reprinted (in special covers) from the ACI JOURNAL for June, 1944. $1.25 per copy, 75 
cents to Members. 


ACI Manual of Concrete Inspection (July 1941) 


This 140-page book (pocket size) is the work of ACI Committee 611, Inspection of Con- 
crete. lt sets up what good practice requires of concrete inspectors and a background of 
information on the “why” of such good practice. Price $1.00—to ACI members 75 cents. 


“The Joint Committee Report” (june 1940) 


The Report of the Joint Committee on Standard Specifications for Concrete and Reinforced 
Concrete submitting “Recommended Practice and Standard Specifications for Concrete and 
Reinforced Concrete,” represents the ten-year work of the third Joint Committee, consisting 
of affiliated committees of the American Concrete Institute, American Institute of Architects, 
American Railway Engineering Association, American Society of Civil Engineers, American 
Society for Testing Materials, Portland Cement Association. Published June 15, 1940, 140 
pages. Price $1.50—to ACI members $1.00 


Reinforced Concrete Design Handbook (Dec. 1939) 


This report of ACI Committee 317 is in increasing demand. From the Committee's Fore- 
word: “One of the important objectives of the committee has been to prepare tables covering 
as large a range of unit stresses as may be met in general practice. A second and equally 
important aim has been to reduce the design of members under combined bending and axial 


oad to the same simple form as is used in the solution of common flexural problems.” —132 
pages, price $2.00—-$1.00 to ACI members. 


For further information about AC! Membership and Publications (including pamphlets 
presenting Synopses of recent ACI papers and reports) address: 


AMERICAN CONCRETE INSTITUTE New Center Building Detroit 2, Michigan 
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The AMERICAN CONCRETE INSTITUTE 


is a non-profit, non-partisan organization of engineers, scientists 
builders, manufacturers and representatives of industries associated 
in their technical interest with the field of concrete. The Institute 
is dedicated to the public service. Its primary objective is to assist 
its members and the engineering profession generally, by gathering 
and disseminating information about the properties and applications 
of concrete and reinforced concrete and their constituent materials. 


For four decades that primary objective has been achieved by 
the combined membership effort. Individually and through com- 
mittees, and with the cooperation of many public and private 
caonciee, members have correlated the results of research, from both 


field and laboratory, and of practices in design, construction and 
manufacture. 


The work of the Institute has become available to the engineering 
profession in annual volumes of ACI Proceedings since 1905. Be- 

inning 1929 the Proceedings have first appeared periodically in 
the ournal of the American Concrete Institute and in many separate 
publications. 


Pamphlets presenting brief synopses of Journal papers and 
reports of recent years, most of them available at nominal prices in 
separate prints, and information about ACI membership and special 
publications in considerable demand are available for the asking. 


New Center Building, Detroit 2, Michigan 














